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PREFACE. 

A JUST conception of the science of geology is sccurcely to be gained 
by the examination of any single country : the outlook must be 
broad and must, as far as possible, include the whole earth. It is 
to the use of the comparative method that we owe the striking 
generalisations of Neumayr and the philosophical views of Suess. 

Even in the study of a particular district, comparison with other 
areas is invaluable ; for the key to the geology will often be found 
in some far distant region. South Devonshire, for example, was 
very imperfectly understood until Mr. Ussher applied the know- 
ledge which had been won in the Rhenish Mountains. 

There is, however, no text book in the English language which 
affords sufficient help in such comparisons, for there is none which 
gives an adequate account even of the geology of Europe ; and it 
is with the object of supplying this deficiency, in part at least, 
that the translation of Dr. Kayser's " Lehrbuch der geologischen 
Formationskunde " has been undertaken. Dr. Kayser's work was 
intended primarily for use in Germany ; but the space devoted to 
other countries is much larger than in earlier text books. 

In the present edition very considerable additions have been 
made to the portions descriptive of extra-German countries. These 
additions are most numerous in the first half of the work, while 
in the latter half the greatness of the subject and the limits of 
spcu^e have made themselves more severely felt. Extra-European 
rocks have necessarily received but ibrief notice. 



VI PREFACE. 

Besides these additions the chief alteration that has been made 
is that the Cambro-Silarian rocks have been divided into Cam- 
brian, Ordoyician and Silurian instead of into Cambrian and 
Silurian. 

The illustrations with few exceptions are the same as in the 
German edition ; and they will be found of the greatest value in 
imparting to the student a knowledge of characteristic and zone 
fossils. 

In the preparation of the book my thanks are due to Prof. G. A. 
Lebour and Mr. J. E. Marr, F.R.S., for valuable advice and notes 
in certain portions of the work ; and above all to Dr. Kayser him- 
self, who has read through the whole of the proof sheets and has 
added some supplemen4;ary remarks. 

PHILIP LAKE. 
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GENERAL REMARKS. 

Stratigraphy or Stratigraphical Geology is but a part 
of the great science of Geology, i.e. the science of the material 
(especially the mineralogical) constitution of the globe, its structure 
and the history of its formation. 

In Geology, as in other sciences, we can distinguish various 
branches; such as Physical Geology, which is concerned with 
the form and size of the earth, its density and temperature, the 
general contour and relief of its surface and other similar matters ; 
Dynamical or Mechanical Geology, which treats of the 
action of volcanoes, water, etc.; Tectonic Geology, which 
describes the arrangement of the rocks composing the crust of 
the earth; Petrographical Geology or Petrography, which 
teaches the chemical and mineralogical composition, and the mode 
of occurrence and distribution, of the various types of rocks ; and 
lastly, Stratigraphical Geology. This undertakes the task of 
examining the composition, distribution, and organic inclusions 
of the geological formations, Le. of the rock- structures which have 
arisen at different and successive periods of the earth's history. 
It thus gives us a kind of history of the development of the globo 
and of its inhabitants, both animals and plants, from the earliest 
times to the present. Hence the term Historical Geology is also- 
used for this branch of the science ; and when we compare the 
stratigraphy of various areas, we may well speak of Comparative 
Geology. 

If we take a general view of the rocks forming tho solid crust of 
the earth we find that they fall into two chief classes, viz. (1> 
Eruptive Rocks, which like the lavas of to-day, rose hot and 
liquid from the inner parts of the earth, and on cooling became 
firm and solid ; and (2) Sedimentary Rocks, which are either 

C. G. 1 B 



*2 INTRODUCTION. 

deposits of the solid matter mechanically carried by water, or 
deposits from mineral solutions. Besides these two great groups, 
there is a third, which is of but slight importance, viz. the jEolian 
or Subaerial Rocks— deposits of material borne by the wind and 
laid down on dry land, as for example, certain mountain loams, 
volcanic tuffs, and sand dunes. 

The sedimentary are distinguished from the eruptive rocks 
chiefly by two peculiarities, — their bedding and their fossil con- 
tents. Bedding or stratification is indeed not universal, but it is 
found in most sedimentary or " stratified rocks." A stratified de- 
posit is one in which the whole mass is divided intp parallel 
platy or tabular layers (beds or strata). Each bed .is separated 
from those above and "below it by a divisional plane and is to be 
considered as the result of an uninterrupted process of sedimenta-. 
tlon, whilst each divisional plane signifies a pause, however small, 
in the deposition. If a number of successive beds are of similar 
constitution and structure, they form a " series," " group," " com- 
plex," or ** system " of beds. As for the fossils, they also are not 
universal, but are nevertheless found in the greater number of 
sedimentary rocks. They are the remains imbedded in the rock, 
and more or less mineralized,^ of the animals and plants which 
lived at the time of the formation of the beds. 

Our whole system of reckoning time geologically rests ex- 
clusively on the sedimentary rocks, because it is they alone that 
afford the means, in their stratification and fossil contents, of 
tracing their chronological equivalence over wide areas or over the 
whole earth. The eruptive rocks are of no value for this purpose, 
because they possess no marks which allow of any certain con- 
clusions as to their age ; and this can only be determined from 
that of the sedimentary rocks through which they have broken. 

With respect to the bedding it has already been noticed that 
each single bed is to be considered as the representative of a par- 
ticular, though it may be a relatively very short, period of time. 
Since each series of beds is composed of numerous beds lying on 
one another like the leaves of a book, and each system of a number 
of successive series, it is possible to determine the age of each bed 
relatively to any other of the same series, and also the age of each 

' A striking exception to this rule is formed by the corpses of mammoths 
and rhinoceros which are found in the frozen soil of Siberia with their hair 
and skin preserved. They are not mineralized, but must nevertheless be 
considered as " fossils." 
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series relatively to any other. Hence we get this most important 
rule : — That in normal circumstances, Le. when the beds are im- 
disturbed or but little disturbed, a higher bed is younger than a 
lower. According to this principle of stratification, even before 
there was a science of geology, men separated the older from the 
younger, or as the old miners expressed it, the " heading " (Liegende) 
from the " hanging " (Hangende). 

Concerning the mutual relations of two series it is necessary, 
in the first place, to distinguish between conformable and un- 
eonformable sequence. In the first or normal case, both series 
possess a similar ^' lie," the strike and dip being the same. We 
may thencoaclude that there was no great interval of time between 
the deposition of the older and the newer beds. In an unconform- 
able sequence, on the other hand, each of the series has its own 
peculiar lie differing from that of the other. In this case a cer- 
tain time must have elapsed between the formation of the older 
and that of the newer beds, during which the older beds were 
moved from their original horizontal position and sometimes $et 
on edge and folded. 

A peculiar kind of lie, which is too important to be left un- 
noticed, is known as overlap or transgression. In this case a series 
lies quite conformably upon the preceding beds, but overlaps the area 
occupied by these in such a manner as to lie in part immediately 
on a third, still older series, usually unconformably. Thus, for 
example, the Rothliegende of the Saar area overlaps the underlying 
conformable Saarbriick Goal Measures in such a manner that 
to the north of the latter it rests directly on the older steeply in- 
clined Devonian beds of the Hunsriick. 

Overlaps indicate that after the deposition of a system of rocks 
4(in the above example, the Coal Measures) had been accomplished, 
an overflow of the sea beyond the borders of the basin of deposi- 
tion took place, in consequence of which the newer series (in 
our case the Rothliegende) was laid down over a greater area than 
the older. 

The possibility of the determination of the age of a rock from its 
fossils rests on this, that the earth in the course of its history 
has been peopled by a long succession of very various faunas and 
floras, and that accordingly the fossils of the several systems and 
parts of systems are very different from one another. Moreover 
the labours of several generations of observers have now established 
the evolution of organic life in its principal features ; and at the 
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same time it has become possible, from the character of a given 
fossil fauna or flora, to determine its relative age, i,c, to determine 
whether it is older or younger than another. For since the fauna 
and flora of each geological epoch has been evolved from that of 
the preceding epoch, and the present life of the world represents 
only the latest stage of this development, it follows universally 
that, on the one hand, the younger a fossil fauna or flora is, the 
more like it must be to the present ; and on the other hand, the 
older it is, the more unlike. 

This position is indeed only valid in its main features. It 
cannot be doubted that in former geological ages, just as at the 
present day, the character of the animal and plant world was 
influenced by geographical differences. With these there were 
also other local differences. The terrestrial animals were always 
unlike the aqiiatic, and among the latter the dwellers in salt 
water were different from those in fresh water. Lastly, the in- 
fluence of height, hnmidit}'', soil, etc., must have been as great in all 
times as it is to-day. All these circumstances must have combined^ 
from the oldest times, to bring about regional differences in the 
animals and plants inhabiting our earth during any single epoch. 
Nevertheless it is proved afresh every daj', and is confirmed by 
continual experience, that, leaving out of consideration all local 
differences, the succession of faunas and floras of the several geo- 
logical periods has been the same throughout the whole earth. 
Not only is the sequence of the great Palaeozoic faunas the 
same from Cambrian to Permian, in the most distant parts of the 
earth ; but even the various Ammonite faunas of the Jurassic, 
which correspond with relatively short periods of time, are re- 
{)eated with the most wonderful agreement in the most widely 
separated parts of Europe and also in India and South America. 

The determination of the age of beds by means of their fossils 
is practicable, not only when we deal with strata of one and the 
same region, but even when these are widely separated from each 
other, as, for example, when we compare European with American 
rocks. In that case we may consider that — 

(1) Strata of the same ago (equivalent^ homotaxial) contain 
more or less similar faunas and floras. 

(2) The resemblance of any fauna or flora to that of the present 
day is less as its antiquity is greater. 

The varieties in character of the faunas of beds of the same age, 
duo to loQal variations in the conditions of life, are known as 
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palseontological facies. Thus it is aot uncommon to find an 
Ammonite or Cepbalopod facies in a certain area, and near to this 
another facies of the same age — of Brachiopods, Lamellibranchs, 
Corala, or other forms. Still more marked are the differences 
between a marine and an equivalent freshwater facies. 

The differences in character of the rocks of the various systems 
and other subdivisions afford but very slender evidence for the 
determination of the age of the beds. There was indeed a time 
when it was thought that each great geological period was char- 
acterized by the formation of a perfectly definite type of rock. 
It was at this time that the expressions, Chalk Formation, Oolite, 
Orauwacke, Goal Formation j and many others originated. But this 
idea has been proved to be erroneous. We know now that, for 
example. Oolitic rocks and Coal occur in the most different 
systems; and on the other hand that the same period may be 
represented in different regions by entirely different rocks: in 
one area by sandstones and conglomerates, in another by slates, 
in a third by limestone, etc. 

It could not indeed be otherwise ; for the deposition of sediment 
has in all times taken place in different and more or less separated 
areas, and not only in marine but also in freshwater basins. 
Since the character of the deposited material may be different 
not only in separate basins but even at different points in the same 
basin, the petrographical character of the beds formed in any one 
Age must also be very various. The often observed change in 
petrographical character of a certain bed or series along its strike, 
the passage from schist into sandstone and conglomerate, from clay 
into marl and limestone, etc., is also very natural. Hence it follows 
directly that the petrographical character of a series of beds can 
be of very limited value in the determination of its age, and it is 
only locally that a petrographical peculiarity can be of any great 
service for the recognition of any bed or series of beds. 

Nevertheless the change in petrographical facies is not alto- 
gether without importance either for scientific or practical pur- 
poses. ' Experience has shown that a change in character of the 
rock is almost always accompanied by a corresponding variation in 
the fossil contents ; in other words, petrographical and palseonto- 
logical facies correspond with one another to a large extent. 

According to the lie, palseontological characters, and to a cer- 
tain extent according to the nature of the rocks, the whole of the 
stratified rocks have been divided into a number of large divisions 
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which in Germany, and sometimes also in England and N. America, 
are known as Formations, whilst in France the term Terrains is- 
used as of similar signification. At the International Geological 
Congress at Bologna the word Sj'stem was proposed for thesa 
large divisions, and this is the term employed here.^ 

Several Systems following upoD, and intimately connected with^ 
one another are united together to form a greater division, or 
Group ; and on the other hand each System is subdivided into- 
several Series (Abtheilung, Stockwerk, section), these again inta 
Stages (Stufe, etage), and Substages (Unterstufe, sous-etage), and 
then into Zones, within which we can still separate single beds- 
(Schichte, couches). 

The Group corresponds with an Era of time, the Formation or 
System with a Period, the Series with an Epoch, and the Stage^ 
with an Age. 

Usually the smallest geological unit is taken to be, not the bed,, 
because these are usuallj*' of very limited extent and are therefore 
only of local importance, but the Zone. This is a collection of^ 
beds which is distinguished by a perfectly definite fauna, or by 
some, or it may be only one (but in that case especially important 
and most probably widely spread) fossil, a so-called characteristic 
form or zone-fossil (Leitform). 

Up to the present a strict palaeontological division into zones- 
has been accomplished only in the case of a few of the Systems,, 
especially the Jurassic and Cretaceous, but the endeavour of later 
geologists is to establish a similar classification for the remaining 
Systems. 

TRE CLASSlFICATIOy OF THE SEDIMEXTARY FORMATIONS. 

The classification of the sedimentary rocks took its rise .in 
Central Germany, in the region between the Harz and the Thurin- 
gerwald, especially about Mansfeld, where the largest copper mines^ 
in Germany have been worked for centuries. Here men first per- 
ceived that the series which includes the ore-bearing seam remains 
nearly unaltered over a very large area. The composition of this 
series was determined with great exactness, and under the name 
of Flotzgebirge (Flotz = stratum, or bed), it was separated from 
the older mountain cores of the Harz and Thuringerwald — the 
Grundgebirge — which rise through it like islands. 

* Dr. Kayser prefers the term " Formation," and uses it throughout. 
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In this region also arose the knowledge of the important fact, 
entirely unknown to the ancients, that the various rocks which 
form the crust of the earth are not thrown together without 
order, but are arranged in a regular series of beds lying one upon 
another. This idea was followed out and developed especially by 
the famous Abrah. Gottl. Werner, who at the mining-school of 
Freiberg in the Erzgebirge, in the latter lialf of last century, 
taught Mineralogy and Geology, or, as these sciences were then 
called, Oryctognosj' and Greognosy, before large numbers of pupils 
gathered together from all parts of Europe. Werner distinguished 
four chief divisions ; viz. : — 1. Urgebirge (primitive rocks). 2. 
Uebergangs-gebirge (transition rocks). 8. Flotzgebirge (stratified 
rocks) ; and 4. Aufgeschwemmtes Gebirge (alluvial rocks). Thus 
he divided the Grundgebirge into two formations (Ur- and Ueber- 
gangs-gebirge), and added another for the newest deposits, including 
those which are now forming. The Primitive Rocks include the 
crystalline unfossiliferous schists of the Saxon Erzgebirge. The 
Transition Rocks, as the name implies, form a sort of passage from 
the Primitive to the Stratified Rocks — in their partly crystalline 
structure they are like the former, while in the occasional presence 
of fossils they resemble the latter. 

Werner's doctrines spread over the whole of Europe, but outside 
of Germany they were moulded and extended according to the geo- 
logical relations of the countries in question. Thus for the, to 
them, inconvenient names Ur-, Uebergangs-, and Flotzgebirge, 
the French substituted the terms terrain primitif, terrain primaire 
(or terrain de transition), and terrain secondaire, and added 
another newer division, the terrain tertiaire, which is well de- 
veloped around Paris, and contains beautifuUj'' preser^'ed fossils. 
In England, on the examination of the sedimentary rocks it became 
clear that certain formations were developed there very different 
from any in Saxony and Thuringia. These were added to the 
geological scheme under the designations Oolite and Chalk groups, 
and the former was further subdivided into Lias and Oolite Proper, 
names which Humboldt and L. v. Bnch tried to naturalise in 
Germany. This difference in lithological character showed that it 
was impossible to compare rocks of different areas by their mineral 
constitution alone; and William Smith was the first to lay the 
foundation of stratigraphical geology by showing that each series 
of rocks was characterised by certain fossils which enable the 
series to be identified wherever it occurs. 
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In Germany the further development of stratigraphical nomen- 
clature was greatly influenced by v. Dechen's translation of the 
Geological Manual of De la Boche. In this eight groups * are dis- 
tinguished ; viz.— 1. Grauwadke group ( = Werner's Uebergangs- 
gebirge or Transition Rocks). 2. Carboniferous group. 3. Red 
Sandstone group ( = Thuringian Flotzgebirge). 4. Oolitic group. 
o. Cretaceous group. G. Supercretaceous group ( = terrain tertiafre 
of the J'ronch). 7. Erratic Block group ( = Drift). 8. Modern 
group ( = Alluvium). This English influence is also seen in the 
important and learned Manual of Bronu,* in which are distin- 
guished; — 1. Coal period ( = the similarly named group of De la 
Beche, together with the Grauwacke of that author). 2. Salt 
period ( = the Thuringian Flotzgebirge). 3. Oolite period. 4. Chalk 
period ; and 5. Molasse period (Tertiary and Drift). 
. Thus the subdivisions usual in England and Germany about 
1830 and their relations with those of Werner and those now 
generally adopted are as follows : — 

Werner. Gennany. England. Present Grouping. 

/ / Modern Group. Alluvium \Quater- 

Aufgeschwemmtes ) Molasse J Boulder group. Drift / nary. 

Gebirge. i period. i Supercretaceous) npertiarv 

V V group. / 

/ Chalk period. Chalk group. Cretaceous. 
Flotzgebirge ^ Oolite period. Oolite group. Jurassic. 

/salt period. (Red Sandstone j^^^^^ 
^ I group. J 



Uebergangsgebirge. Coal period. 

group. 
Urgebirge. — — Archcean. 



Coal group. ) 

Grauwacke !-Pal8sozoic group. 



The subdivision of Werner's Transition Rocks (Uebergangs- 
gebirge), that thick complex of beds which is now known as the 
Palaeozoic Group, was not attempted till about 1830-1840, when 
the knowledge of the younger deposits was already far advanced. 
This was due to the great difficulties which beset the study of tlie 
older deposits, and especially to their complicated structure and 
their poorness in fossils. Germany, where Cambrian and Silurian 
rocks ai^e almost entirely absent, was an especially difficult area 

' De la Beche distinguished a "Lowest Fossiliforous group" below the 
G rauwacke. 

• Lethaea geognotiica, 1833-38, and Ilandbuck der GeschichU der Xaiury 
1841-49. 
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for such an attempt ; and Trance for this purpose wafl not much 
better. England, on the other hand, was far more favourably 
placed and thus it is in this country that the classification of the 
older deposits originated, and the Palseozoic systems are univers- 
ally known by their English names. The present classification of 
these rocks, and the relations of the names now in use to the older 
terms, is shown in the following table : — 

Older termB, Present torma. 

Lower port of the Bed Sandstone Group. Permian System. 

Coal group of the English \carboniforons System. 

Coal group of Bronn in part. J 

(Devonian System, 
^lurian System. 
Ordovician System. 
Cambrian System. 

These six oldest systems of the stratified rocks are united to form 
the great Palseozoic Group ; and in the same way the Trias, Jur- 
assic, and Cretaceous form the Mesozoic; and the Tertiary and 
Quaternary Systems, the Neozoic^ or Kainozoic Group; while 
another great group is often distinguished as the Azoic or Archaean, 
to include the Primitive Rocks of Werner. Each of these great 
t Groups represents a great Era of the Earth's History, while the 
S3r8tems represent smaller divisions of time, or Periods. 

The whole of the Sedimentary deposits are thus divided into the 
following Groups and Systems, and the latter are again subdivided 
into a number of Series : — 

I. Nkozoic Group. 

1. Quaternary System. (pjjj^'''"'' 



2. Tertiary System. 



(Pliocene. 
Miocene. 
Oligocene. 
^Eocene. 

II. Mesozoic Group. 



1. Cretaceous System. / ^^P^ Cretaceous. 

I Lower Cretaceous. 

{Upper Jurassic. 
Middle Jurassic. 
Lower Jurassic (Lias). 
{Keuper. 
Muschelkalk. 
Bunter. 



* The term Neozoic is sometimes used to include both Mesozoic and 
Kainozoic 
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III. Paleozoic Group. 



1. Permian System. I^''^^^' ^ 

(Bothliegende. 

r Upper Carboniferous (Coal Measures). 

2. Carboniferous System. 4 Lower Carboniferous (Culm and Carboni- 

V fcrous Limestone). 
( Upper Devonian. 

3. Devonian System. i Middle Devonian. 

V Lower Devonian. 

4. Silurian System. 

5. Ordovician System. 
G. Cambrian System. 

IV. Azoic OB Arch^an Group. 
Primitive Bocks. 



THE ORIGIN AND EARLY CONDITION OF THE EARTH. 

The Earth had the same origin as the planets of the solar system, 
and as the snn itself. Originally all these bodies formed a single 
mighty globe of gas. From this the planets separated out one 
after another (and from these their satellites separated in the same 
way), whilst the remainder of the mass formed the central bodj' of 
the whole system, the sun. 

This is, in a few words, the view of the evolution of our solar 
system which is known as the Kant-Laplace theory. In favour of 
this a large number of astronomical and physical facts are quoted, 
such as the agreement in the direction of motion of all the planets, 
and the (nearly complete) coincidence of the planes of their 
orbits ; also the existence of the ring of Saturn and the gradual 
increase in density of the planets as we approach towards the sun^ 
and also the increase in density of each from without inwards.^ 
For other still weightier evidence we have to thank the spectral 
analysis of our sun and of other heavenly bodies. This has 
shown that (1) certain of them, the so-called nebulae, are huge 
masses consisting entirely of glowing gas ; (2) others, the so-called 
suns (including our sun), are bodies in which, owing to the long- 
continued loss of heat, and the consequent contraction of their 
mass, a fluid core has been formed — they consist of an inner glow- 
ing fluid part and an outer envelope of gas ; lastly (3) a third kind, 
in consequence of still further cooling, have become solid and with 
this have lost their power of giving light. To this last kind of 

* This has been proved not only for the earth, but also for Jupiter. 
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bodies belongs our earth, together with the other planets and their 
satellites, as well as certain dark stars of other systems. 

Thus w^e now know that examples of all the chief stages which 
the theory of Laplace requires for the full development of a celes- 
tial body (namely, 1. the original gas ball ; 2. the gas ball with 
liquid centre ; 3. the solidified mass), are now found, and this fact 
gives to the theory so high a degree of probability that we may 
consider it as certain. 

If this was the mode of evolution of all celestial bodies, we are 
obliged to conclude that in a far distant time our earth also was a 
liquid, light-giving globe, which at a later period became covered 
with a solid crust ; and this idea is in the most complete accord, not 
only with the old conclusion derived from purely geological facts, but 
also with the results of the latest observations of astronomical 
physics. 

According to the above views, the idea of an original crust formed 
by solidification is absolutely necessar}\ Moreover, some such 
conclusion is unavoidable, since the oldest sediments require a- 
foundation on which they may be laid, and the oldest eruptive^ 
rocks require a crust through which to break. Nor must we for- 
get that the first sediments, whether of chemical or mechanical 
origin, necessarily presuppose an older already present rock from 
the chemical or mechanical destruction of which they might be 
formed ; and this material can have been furnished only by the 
crust formed by the solidification of the glowing liquid mass of 
the earth. 

Since the idea of a solidification crust, although it was once con- 
sidered a mere picture of the fancy, is an absolute necessity, the 
question arises whether there are anywhere any rocks which may 
be pointed out with more or less probability as the remains of this- 
crust. If such an origin may be admitted for any rock, there is 
none of which it is so likely to be true as gneiss, which — as will 
be shown — extends with wonderful regularity as the deepest 
known rock on the whole earth. If this view cannot be ac- 
cepted, it must yet be admitted that when we wish to form a 
picture of the constitution of the oldest rocks of the earth, we ar& 
forced to represent them to ourselves as more or less gneiss-like. 
For it may reasonably be considered that the material of the crust 
would not be very different from the oldest eruptive rocks ; and 
these are of granite, which differs from gneiss only in structure. 
It has also been correctly remarked that if we could melt together 
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all the rocks of the present crust of the earth, we should have a 
rock approximately like that which formed the original solidifica- 
tion crust ; and that in that case we should have an acid silicate 
is beyond question, on account of the extraordinarily wide distri- 
butipn of quwtz. Moreover, since the eruptive rocks of later ages 
have risen from continually increasing depths, where probably a 
mixture more basic than at the surface is collected, they have thus 
become more and more basic ; and such a smelting product would 
therefore be more basic than the original crust. If we consider the 
great density of the interior of the earth (which depends on the fact 
that when the earth was fluid, the materials composing it arranged 
themselves according to their specific gravity), it is clear that we 
can scarcely be far wrong if we suppose that the first crust would 
consist of those minerals the chemical constituents of which were 
the lightest. To these would belong (besides those combinations 
which remained in the state of vapour, such as carbonic acid, 
water, and several others) silica, alumina, the alkalies, and a part 
of the alkaline earths^ But these are all constituents of those 
minerals which form gneiss (quartz, mica, felspar). 

The condition of the earth after the formation of the crust can 
only be briefly indicated. With the progressive cooling, a gradual 
contraction of the earth must have gone hand in hand ; and with 
this a constantly repeated tearing open, cracking, and dismember- 
ing of the first formed crust. From these rents and cracks the 
glowing interior pressed forth in huge masses to unite by their 
solidification as a cement the broken pieces of the crust. 

It is clear that in those remote times, owing to the great heat 
of the air, no water could exist in a liquid state ; and it was not 
till the temperature had fallen greatly that a covering of water 
could form around the solid centre. Moreover, this primitive sea, 
when first formed, lay under the pressure of an atmosphere much 
denser than the present, which still contained the whole of the 
carbonic acid and probably other matters also. It must therefore 
have possessed a very high temperature, far above the boiling 
point of water at ordinary pressures ; so that it did not yet offer 
the necessary conditions for the development of organisms, and it 
was not till a still later period that the earth became cool enough 
for the first appearance of life. 
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GENERAL CIIARACTEIfS AND CO Af POSITION OF THE 

ARCH^AN ROCKS. 

Under the head of ArchsBan we group together all those rocks 
which are older than the lowest beds of the Cambrian, and which 
extend from these as their upper limit to the deepest, so-called 
Laurentian, gneiss. The terms fundamental or Primitive (terrain 
primitif of the French) Azoic or Agnotozoic-, and Pre-Cambrian 
have also been used with the same signification. 

The Archaean are the oldest known rocks that reach the sur- 
face where the foundation of the oldest fossil-bearing beds has 
been laid bare by erosion, denudation or dislocations. They are 
the base on which have been laid the oldest as well as all the later 
sediments. 

The Archaean rocks as a whole form an extremely large mass 
— one may well say the most important of all the rock-masses 
taking part in the formation of the earth's crust. Although it is 
very difficult, in consequence of the very disturbed condition of 
these primitive beds, to determine their thickness even approxim- 
ately, yet there is no doubt that where they are fully developed 
they are many tens of thousands of feet thick. The total thick- 
ness of the Archaean in N. America has been estimated at 50,000 
feet, and in Bohemia at 100,000. The period of time occupied 
by the formation of these rocks must, in correspondence with their 
great thickness, have been of extraordinary length, probably so 
long that the beginning of the Cambrian period may be considered 
as comparatively a recent event. 

The Archaean is not only the oldest and thickest, but also by 
far the most wide-spread of all the formations of the earth's 
crust. It is found in Bohemia and the Alps, in Scandinavia and 
Canada, in the Himalayas and Andes, in short in all continents 
and in all latitudes. In several regions, as in Arctic N. America 

13 
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and in Central Africa, it occupies thousands of square miles with- 
out any covering of later rocks. But even where the surface is 
•occupied by younger beds one may take it for granted that the 
Archsean rocks are continued without interruption, so that any 
boring, if only it be made deep enough, would at length strike 
the Primitive rocks. The Primitive group is the only series which 
•covers the whole earth like a shell, the only one which has justly 
been spoken of as ubiquitous ; whilst on the other hand all the 
later normal sedimentary formations have a limited distribution 
;and lie round the earth, as has been aptly remarked, like the leaves 
of a rose-bud. 

The extraordinary thickness and universal extent of the 
Archaean rocks strongly distinguishes them from all the younger 
beds. But a much more important dijfference still is to be found 
in their crystalline character and the absence of fossils. 

The first peculiarity is the one which gives to the rocks belong- 
ing to the series the name of ** crystalline schists." We know in- 
deed that even among the younger formations crystalline schists 
occur more or less like those of the Archsean ; but the great mass 
of the crystalline schists belongs to the Archaean, so that the 
two terms are usually of equal signification. The widest spread 
and at the same time most characteristic of the crvstalline schists 
is Gneiss, which like granite is a crystalline mixture of quartz, 
felspar, and mica, but differs from it in being, not of a granular, 
but of a schistose structure. It is divided into two chief varieties, 
mica- and hornblende- gneiss, of which the first is again divisible 
into red (Muscovite) and grey (Biotite) gneiss. In close connec- 
tion with these varieties come numerous allied rocks, such as 
Granulite, Protogine, Halleflinta, etc. Another, very important and 
wide-spread type is Mica schist, consisting essentially of mica 
end quartz, with which numerous accessory minerals may be 
associated. Chlorite, Hornblende, Sericite, Talc, Quartzite, Haema- 
tite, and Graphite schists, and other allied schistose rocks are very 
common companions of mica schist. Lastly, the third chief type 
is Phyllite, which agrees in composition with mica schist but 
appears denser in structure, and has been aptly defined as a 
microscopic mica schist. All the various rocks ascribed to the 
Phyllites possess, on account of their high percentage of mica, a 
peculiar silky lustre. Along with these types of rocks, which 
are characterized without exception by a schistose structure, there 
loccnr a number of more massive crystalline rocks such as Gneissic- 
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granite, Eklogite, Granite, etc., and especially crystalline lime- 
stone, which is of frequent occurrence in the form of lenticular 
interbedded masses in all Archaean regions. 

That the parallel structure and foliation of the crystalline schists 
is, like all foliation, due to pressure, is universally agreed. But 
the explanation of the tabular and bed-like structure observed in 
.almost all crystalline schists— a structure which is usually, but by 
no means always, parallel to the foliation — is very doubtful. On ac- 
count of the fact that each layer usually possesses its own lithological 
<;haracter they have generally been regarded as true beds. But cases 
are known where the foliation of the gneiss Ijttle by little passes in- 
to tabular structure, and others where the different and successive 
layers of gneiss and mica schist have been cut through by a bed- 
-ding which does not coincide with their foliation ; and hence it ap- 
pears that no single explanation is applicable in all cases ; the 
platy structure, like the foliation, may in many cases be the 
result of pressure. 

The Archaean rocks must be considered unfossiliferous, since it 
has been shown that the supposed fossils found towards the middle 
of the century in Canada and afterwards in Scotland, Scandinavia 
and Bohemia, are of inorganic origin. These supposed fossils 
occur in crystalline limestone in the gneiss and form nodular 
masses consisting chiefly of serpentinous material divided by 
numerous tubes swelling out into cells. They were described as 
giant Foraminifers under the name Eozoon, but have been shown, 
thanks especially to the minute microscopic researches of Mobius, 
to be inorganic. On account of this absence of fossils the name 
Azoic (first used by Murchison in 1845 for the old crystalline mass 
of Scandinavia) has been applied to these rocks. Some observers 
indeed have thought that the occurrence of limestone and graphite 
in the Archaean is an indication of the existence of organic life ; 
and they have pointed to the great importance of organisms in the 
formation of limestone, and have looked upon graphite as the flnal 
product of change of the vegetable matter. Against this view, 
which has occasioned the use of the terms eozoic, agnotozoic, etc., 
it may be objected that limestone as well as graphite can certainly 
be formed inorganically ; the latter, for example, separates out in 
the casting of pig-iron. The strongest evidence of the existence 
of organized life during the Archaean period, is to be found in 
the relatively high organization of the oldest known fauna, the 
Cambrian. The high development of this fauna indeed necessarily 
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forces us to the conclusion t.hat it was preceded by one or more, 
probably a whole series, of oMor faunas, the remains of which we 
may expect in time to tiDd in the Archaean. So long, however, 
ns such remains hare not been found, it is advisable, instead of 
the as yet unwarranted term Eozoic, to keep to the expression 
Archiean introduced by Bnna (1874). 

With respect to the composition of the Archeenn rocks it has 
already been mentioned that they are built up essentially of 
crystalline schists with the three chief varieties, Gneiss, Mica 
schist and Phyllite. But it must still be noticed that besides 
these there occur in the upper part of the series more or less 
clearly clastic rocks such as quaitzite, saudstoDe, and haematite 
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(in N. America with ripple marks?) and even conglomerates 

(Scandinavia, North America.) Moreover, everywhere there occur 
old eruptive rocks, whether as widespread sheets or as large 
masses or smaller dykes. Of those, granite occupies the first 
place, then Syenite, Diorite, Gabbro, Olivenfels and Serpentine, 
Porphyry and other massive rocks. All these rocks are found 
along with crystalline limestone, dolomite, occasionally also in 
close connection with layers and masses of ore, and often occur in 
hundredfold alternations as in the accompanying sections. 

Lastly in connection with the compoaition of the Archtrau rocks' 
it must be remarked that no other group is ho rich in mineral 
ores. It has therefore been fitly called tho true Ore or Vein-bear- 
ing group (Erz- or Gnnggebirgo.) This is especially true of the 
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noble metala, gold, platinum, 

silver, as well as of the gems 

and gem-like stones such a8 the " 

diamond, ruby, emerald, topaz, 

garnet, tourmaline, etc. Most of 

the gold and platinum, and also i 

the gems, are indeed obtained 

from the so-called allavium ,. 

(Seifengebirge), but this hag 

clearly been formed by the do- Fia.3.— SecUonIa Ibe King Uino in Nan- 

struction of the Arch »an, which ^ „^, rT'T""!'.,- « -« 
la this case is the original home Iroa-ore. c. Ulca Sshut. /. Ulitnre oC 
of those minerals. J^JST'"' '"'"*'• ""* '*'"'"■ ' "^ "' 



stmuctuhe and mode of occurrence of the 
archman bocks. 

The Archaean rocks are never horizontal over any extent of 
country, but are always more or less ateeplyinclined, folded, over- 
turned, torn and faulted, in short disturbed in the highest degree. 
This can scarcely cause surprise when we consider that the primi- 
tive rocks have not only shared in all the disturbances which 
affect the younger normal sediments, but have also been subject to 
the action of many earlier earth movements. On a small as well 
as a large scale these disturbances have rendered themselves 
visible in the numerous faults which run through the rock 
masses, in internal clefts and gliding planes, in the flattening 
out or breaking up of the minerals of the rock, in the often very 
pronounced minute faulting of the rock and its conversion into 
a kind of breccia, the fragments of which are kneaded into 
one another. Similar mechanical deformations may be seen in 
some of the later rocks, especially of the Palaeozoic group; but 
they are never so abundant or so strongly marked as in the 
Archtean. 

According to their mode of occurrence the Archaean rocks may 
be divided into two chief groups : — 

1. They form extensive, more or less self-contained masses, the 
80-called massifs. These were either never covered by younger 
strata, or^aa is usually more probably the case— all the over- 
lying sediments have been carried off by extensive denudation 
and they have been left bare. In such massifs the Archaean rocks 
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usually form a succession of sharply compressed folds (Fig. 4); 
more seldom — e.g,^ according to Gumbel, in the Bavarian Hills — a 
seiies of beds dipping in regular succession (see section Fig. 5). 
Examples of this kind of occurrence are the Bohemian and 
Moravian mountains, the Central Plateau of France, the old 
crystalline masses of Scandinavia, Canada, Brazil, and others. 

2. They form the central portion of old and young mountain 
chains. They appear here as long narrow zones which correspond 
with the most prominent of the folds and represent the geological 
axis of the range. In consequence of the strong compression, 
the direction of the schist planes in such central zones is usually 
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Fig. 4.— Section tbrough the Archasan at Grenville in Canada (Logan), 
a. Crystalline Limestone, b. Gneiss and Quartzite. 
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Fig. 6.— Section through a part of the Bavarian Hills (Gumbel). 

<?n. Gneiss. Gal. Dyke of Gneiss in Mica Schist. Gl. Mica Schist. Gr. Granite Dyke. 

Q. Qaartsite Schist. X. Granular Limestone. :B\. Pliyllite. C. Cambrian. 

very steep or vertical. Figs. 6-8, which represent sections through 
the western and central Alps afford good examples. These sec- 
tions show at a glance the peculiar fan-structure of the mountain 
masses of Mont Blanc and St. Gothard. This structure is common 
not only in the Alps but also in the Caucasus, Himalaya, etc., and 
can usually be explained on the view that each fan is the centre 
of a strong anticlinal fold compressed at the base and spreading 
out at the summit. But the dip of the gneiss, mica schist, and 
phyllites is not always so steep. Often, not only in the lower 
mountains (such as the Granulite mountains of Saxony), but even 
in the Alps {e,g, the Simplon, Fig. 9) there are cases where the 
folding has been much weaker and the beds form a fiat arch or 
dome. 
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Examples of these zones or belts of Archaean rocks are offered 
by the central chain of the Alps, the Atlas, Himalayas, Andes, 
Appalachians, and other ranges. Sometimes they are of consider- 
able extent, as in the case, for example, of the crystalline schist 
zone that forms the backbone of the Appalachian Alps and reaches 
from (Georgia to the mouth of the St. Lawrence, a distance of some 
1,400 miles. 

CLASSIFICATION OF THE ARCH/EAN ROCKS. 

A classification based on the palaBontological characters, such as 
has been so successfully applied in the case of the normal sedimen- 
tary formations, is impossible for the Archaean rocks on account of 
the absence of fossils; and owing to their very complicated structure 
no attempt based on stratigraphical observations could lead to 
satisfactory or universally applicable results. But the division of 
the Archaean system is rendered possible by the fact that a per- 
fectly de£nite succession is observable within it as a whole, which 
is repeated with extreme regularity in far separated regions and 
appears to be universally applicable. 

As early as the middle of the last century the German geologists, to 
whom we owe the expressions Grand- and Urgebirge, distinguished 
between an older gneisslike and a newer mica-schistlike series. 
Werner indeed went a step further, and divided the latter into a 
lower mica schist and an upper slaty schist. A long while elapsed 
before this attempt at classification, which in the meantime had 
been almost forgotten, was again taken up. This was first done 
in the sixth decade of the present century by Logan and Sterry 
Hunt, who based their classification on the extensive and 
lengthened researches undertaken in Canada, and separated the 
rocks lying below the Cambrian into two great divisions which 
are unconformable to each other and to the Cambrian, viz. : the 
older Laurentian System, made up mainly of gneiss, and the newer 
Huronian, composed chiefly of mica schist and phyllitic rocks.^ 

About the same time were begun the comprehensive researches 
of Hochstetter, Jok^li and others in the mountains of the Archaean 
massif of Bohemia. Still more important were the detailed re- 
searches* of Gttmbel ^ on the border mountains between Bavaria 
and Bohemia. Gilmbel not only confirmed, like the earlier obser- 

» Logan, "Geology of Canada "(1868). 

• "Geognost. Beschreibnng des ostbayer. Grenzgebirges " (1868). 
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vers, the separation into three chief divisions, gneiss, mica schist, 
and phyllite, but also distinguished in the first an older Bojian 
Grneiss without limestone (called after an ancient Celtic race which 
dwelt in those regions), and a later Hercynian Gneiss containing 
limestone and graphite. In the Bohmerwald and the Fichtelge- 
birge, according to Gumbel, neither within the Archsean rocks 
themselves, nor at their junction with the Cambrian, is there any 
unconformity ; but there is here so gradual a passage from Ar- 
chaean to Cambrian that the determination of the boundary between 
the two is very difficult. The later researches of the Saxon geolo- 
gists in the Erzgebirge and the Gxanulite mountains lead to 
similar results. Credner,^ like Otimbel, divides the whole series of 
the Archaean rocks into a lower or primitive gneiss formation and 
an upper or primitive schist formation, of which the former is 
likened to the N. American Laurentian, and the latter to the 
Huronian.- 

Other attempts at the classification of the Archaean have been 
made in more recent times in England. Towards the middle of 
the century Murchison gave to the gneiss of Scotland, which is 
discordantly overlaid by Cambrian conglomerates, the name of 
Fundamental Gneiss, and compared it with the Laurentian Gneiss 
of North America. Since that time H. Hicks has sought to establish 
a classification of the Precambrian of Wales and Scotland into four 
series, Lewisian, Dimetian, Arvonian, and Febidian.' This divi- 
sion is based on differences in character of the rocks themselves, 
and on the evidence of several unconformities and horizons of con- 
glomerate which are considered to be proofs of various great breaks 
in the process of formation of the Arch»an. During these breaks 
the rocks already formed, were folded, raised above the sea and 
partly worn away so that their fragments afforded the material for 
the conglomerate at the base of the next younger series. 

The divisions proposed by Hicks are by no means universally 
accepted ; and the correlations which he proposes with the rocks 
of North America rest on very insufficient evidence. In the pre- 
sent state of our knowledge no such correlation of the Archaean 
rocks of distant areas is possible. 

» " Elexnente der Geologie," 5th ed. (1883), p. 387. 

* Instead of the term Huronian, which has been used by various 
observers in very different senses, the North American geologists now 
employ the word " Algonkian." 

» Quar. Journ. Oecl. Soc. (1877), p. 229, and (1884), p. 507. Oecl, Mag. 
(1879), p. 438. 
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In England as in North America the lower part of the gneissic 
sj'stem, which in Wales is composed almost exclusively of dark- 
coloured gneiss, is distinguished by the absence of carbonate of 
lime, while the upper part, on the other hand, which consists of 
light-coloured gneiss, and also of hornblende and chlorite schists, 
is characterized by an abundance of lime. 

A still more detailed classification of the Archsean rocks of 
Canada has recently been proposed by Sterry Hunt.^ But this 
appears to rest on even more uncertain data, so that an enumera- 
tion of the many names given by him is unnecessary. Only this 
much seems clear, that the Archaean of North America is every- 
where separated from the ^ 

Cambrian sediments by a f_ 

great unconformity — a fact 

which the observations of ^ 

Credner (Fig. 10) confirm — 

and that there is very prob- . e d ^ 

bably a similar unconform- *'««• 10.-3ection in the Menomonee area in 

^ Michigan (Credner). 

ity between the Huronian a. LaurenUan Gneiss, b. Huronian Quart site. 

andLaurentian. These are J- ^i°^f <>-•• /; ^T^^'f:''. ''^'""'" ^''^"'- 

/. Potsdam Sandstone (Cambrian). 

results which differ greatly 

from those reached by Giimbel in the Fichtelgebirge and Bohmer- 

wald. 

DISTRIBUTION OF THE ARCH^AN ROCKS. 

In Germany the ArchsBan is developed in the mountains of the 
great Moravo-Bohemian massif, the BShmerwald, Fichtelgebirge, 
Erzgebirge, Lausitzer Gebirge, Riesengebirge, and Sudetengebirge ; 
and also in the Thtlringerwald and the Kyffhauser, in the Black 
Forest, Odenwald and Spessart, on the Hardt and in the Vosges. 
In other parts of Central and Southern Europe the chief regions 
of Archaean rocks are the Central Plateau of France, Brittany, the 
Alps, Pyrenees, Balkans, Tatra, etc. But by far the largest area 
in Europe is that of the North- West, where the whole of Scandin- 
avia, together with Finland and Lapland, forms a single continuous 
mass, with which probably the Archaean districts of Scotland and 
Ireland were formerly connected. 

In Asia the primitive rocks take a large share in the formation 
of the Central mountain chains, the Himalayas, Kuenlun, Altai, 

1 Amer, Journ. of Set. (1830), p. 269. 



24 I.— ARCHiEAN OB PRIMITIVE ROCKS. 

etc. ; and they also play an important part in East India, Borneo, 
Sumatra, China, and Japan. Their extent is great in the interior 
of the African continent, and we also find them largely developed 
in the North and North-east of North America, in Brazil and the 
Andes. In Australia and the surrounding islands and in the Ant- 
arctic region they occupy a considerable area. 

VIEWS OX THE ORIGIN OF THE ARCH.EAN ROCKS. 

The question of the mode of formation of the Archaean Rocks 
has long occupied geologists, and to-day forms the -theme of ardent 
researches and burning discussions, without as yet any very satis- 
factory results. Any explanation must not only" explain the 
crystalline condition of the primitive rocks and their mixed com- 
position out of quartz, felspar, mica, chlorite, hornblende, augite, 
garnet, and other silicates — both characters in which they resemble 
the crystalline massive rocks ; — but it must also explain their 
schistose structure, the absence of fossils, the apparently unques- 
tionable alternation of crystalline with more or less clearly clastic 
rocks, their universal distribution and remarkable uniformity in 
the most distant parts of the earth, their resemblance to certain 
younger sediments altered by regional or contact metamorphism, 
the locally almost imperceptible passage into the fossil- bearing beds 
of the Cambrian, — a series of facts which apparently contradict 
one another. 

Among the theories of the origin of the Archaean rocks there are 
three that require especial notice. The first, which has its chief 
exponent in J. Roth, considers that the whole of the crystalline 
rocks are to be looked upon as the remains of the original solidi- 
fication crust of our earth. In the face of the occurrence of clastic 
and conglomeratic rocks in the Archaean, this view can no longer 
be held, at least if it is to be extended to all the divisions of the 
Archaean ; and it has therefore but very few supporters. 

According to a second view, which now numbers the most ad- 
herents, the Archaean formation is a complex of metamorphosed 
or altered rocks partly sedimentary, partly eruptive. The cause of 
the alteration has been sought by preference in the great move- 
ments of the earth's crust, which produced great heat and brought 
about the chemical and structural changes of the rocks in question. 
This theory of the dynamometamorphic origin of the primitive 
rocks has won much support from the discovery made in many places 
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of mica acliists or gneisslike schists which from the included fossils 
are nndoubtedly post-Archaean. Among these the best examples 
are the trilobite and graptolite-bearing Silurian schists found by 
Hans Reusch not far from Bergen, the belemnite-bearing, probably 
Jurassic schists of Switzerland, and the Cretaceous rocks of the 
Californian coastal ranges. This hypothesis explains the crystal- 
line structure of the Archaean rocks, their schistosity, composition 
out of silicates, and the occurrence of interbedded conglomeratic 
layers. On the other hand it can only with difficulty explain the 
gradual decrease of the crystalline structure which is represented 
by the universal succession from gneiss to mica schist and phyllite, 
and the locally quite imperceptible passage upwai*ds into the normal 
sediments of the Cambrian, and it leaves quite unexplained the 
universal distribution and the uniformity in character of the 
Archsean. If we consider the Archeean to be metamorphosed, we 
are compelled to admit that this metamorphosis took place in Pre- 
Cambrian times. In many places the pebbles of gneiss and mica 
schist which are found in the basal conglomerate of the Cambrian 
are undistinguishable from the gneiss and mica schist of the large 
Archsean masses, and they thus afford an indubitable proof that 
these rocks must have already possessed their present characters 
before they were broken up and reformed into a conglomerate ; for 
no one can well imagine that the rocks had been metamorphosed 
as pebbles in the same way as in the mass. 

The third yiew (hypothesis of Diagenesis) occupies a position 
midway between these. It was proposed by Giimbel and has been 
adopted by Credner in his " Elemente der Geologic." According 
to this the Archsean rocks are true sediments which owe their pecu- 
liarities to the character of the original oceans. As has. already 
been shown, those seas must have possessed a very high tempera- 
ture and must have lain under a much denser atmosphere than 
that of the present. In consequence of the absorption of the 
various vaporised substances which this atmosphere then con- 
tained, the water would strongly attack all the rocks with which 
it came in contact. It would thus become laden with many matters 
in solution, and when the point of saturation was passed these 
would be laid down as true crystalline deposits. Moreover the 
d6bris of the continents on reaching the early sea must in these 
circumstances (as in Daubr6e's well-known experiments, in which 
the action of superheated water and great pressure caused amorphous 
mineral substances to assume a crystalline form) soon have been 
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brought into a crystalline state. Under these conditions gneiss 
especially would be formed. But because these conditions did not 
remain permanent, because the high temperature and pressure and 
the richness in dissolved substances gradually diminished, and 
the resemblance to present conditions increased, it follows that 
the conditions became continually more unfavourable for crystal- 
line sedimentation, and that therefore mechanical deposition, which 
works almost alone in our present sea, gradually increased at the 
expense of the chemical, and finally completely overmastered it. 
Hence the succession, repeated everywhere with such regularit}' : 
Gneiss, mica schist, phyllite. 

But however seductive this theory may appear at first sight, 
however well it may clear up several points left unexplained by the 
first two, nevertheless on closer observation it will be found that 
it does not solve by any means all the difficulties. Leaving out of 
consideration the fact that from its point of view the occurrence of 
crystalline schists in the Cretaceous and Tertiary formations is 
quite inexplicable, . one needs no microscope, as Kosenbusch has 
recently pointed out, to recognise that the millionfold alternations 
of micaceous and quarzo-felspathic laminse, such as constitute gneiss, 
cannot be explained by crystallisation from solution. Each glance 
at the texture and the constituents of the primitive rocks shows us 
that" there is here no sequence of the constituent minerals accord- 
ing to their solubilities or other chemical relations. 

As Rosenbusch endeavours to show, the great fault in all at- 
tempts hitherto made to explain the origin of the Archaean masses 
lies in the fact that these have always been considered uniform in 
substance as in structure, whilst in reality they represent a com- 
plex which is composed of elements different both in material and 
in origin. With Rosenbusch we may see in one part of the 
Archaean — the oldest gneiss — the more or less altered remains of 
the original crust of the earth. The stratigraphical position of 
these old gneisses, their universal occurrence, their remarkable 
uniformity and their close resemblance to the oldest of the eruptive 
rocks, granite, speak strongly in favour of such a view. Other 
portions of the Archaean allow us to recognise with more or less 
certainty their clastic origin, their derivation from clay-slates, 
grauwacke, conglomerates and limestone ; while lastly a third 
part clearly shows by its structure under the microscope that it 
has been formed by the alteration by pressure of old eruptive 
rocks (granite, syenite, diorite, etc.) or their tuffs. 



II. PALEOZOIC OR PRIMARY GROUP. 

The Palaeozoic Group forms the oldest of the three great divisions 
into which the normal fossiliferous deposits have been divided. It 
is subdivided into six great systems or formations, namely, Cam- 
brian, Ordovician, Silurian, Devonian, Carboniferous, and Permian. 
It is to be remarked, however, that the claims of the Cambrian and 
Ordovician, and of the Permian beds to be considered separate 
formations are not recognised by all geologists, that the first two 
are sometimes united with the Silurian, and the last with the 
Carboniferous. 

The six Systems together form a succession of beds fully 100,000 
feet thick. In Germany, the part which underlies the Carbon- 
iferous was formerly known as the Transition or Grauwacke 
group. The last name was adopted on the ground that the so- 
called Grauwacke — a fine to coarse-grained, quartzose, often fels- 
pathic sandstone containing small fragments of milkquartz, 
argillaceous and siliceous schists and other older rocks — occurred 
only in these beds. In fact, however, grauwacke, grauwacke 
sandstones and schists, are widely spread in all the older Palaeozoic 
formations, while precisely similar rocks occur also in the Culm 
— such as the very typical grauwacke sandstone of the Upper 
Harz, which is now recognised as belonging to the Lower Carbon- 
iferous. For the upper half of the Palaeozoic group, especially for 
the Carboniferous and in part for the Permian, coal is particularly 
characteristic. 

Besides the already mentioned rocks, the Palaeozoic formations 
consist especially of clay-slates (which along with roofing slates 
and phyllites are veiy widely distributed), numerous sandstones 
quartzites and conglomerates, siliceous schists, and various lime- 
stones and calcareous beds. With these occur eruptive rocks, such 
as granite, syenite, diorite, diabase, quartz-porphyry, porphyrite, 
melaphyre, and other less abundant massive rocks, and also the 
various tufaceous forms of these. 

Palaeontologically the Palaeozoic Formations are characterized 
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by containing the oldest kno\vn organic remains. In correspon- 
dence with the long duration of this era, the group in question 
contains a whole succession of different faunas and floras. In 
general it may be said that the rise of the Paleeozoic life took 
place in the first four Systems, whilst the last two represent the 
age of its decline. The flora is characterized by the extraordinary 
predominance of cryptogams (gigantic ferns, Lycopodiaceae and 
Equisetaceae), which in the second half of the era are accompanied 
by conifers and cycads, whilst angiosperms or leaf-bearing trees 
are entirely absent. The fauna derives its peculiar stamp from 
the great development of crinoids, rugose and tabulate corals, an 
abundance of peculiarly organized brachiopods, nautili as well as 
Goniatites among the molluscs, trilobites and Eurypterids (limited 
to this age) among the , crustaceans, placoderms and heterocerca, 
ganoids among fish, and in the second half of the period, 
Stegocephala among amphibians. To these may be added a few 
reptiles, which also appear for the first time in the last phase 
whilst birds are completely wanting. 

With regard to the structure, it should be noticed that the 
Palaeozoic beds in Central and Southern Europe, and also in most 
of the extra-European regions, are steeply inclined, folded, and cut 
through by numerous faults and dykes. In Northern and North- 
eastern Europe on the other hand, as also in Eastern North 
America and some other regions, they lie horizontally over very 
wide areas. 



CAMBRO-SILURIAN ROCKS. 

HISTORICAL, 

The term Cambrian, derived from Cambria, the ancient name of 
Wales, was proposed by Sedgwick in the year 1833, and was one 
of the results of the researches begun by him in 1831, on the 
oldest fossiliferous beds of North Wales. Two years after this, 
Murchison proposed the name Silurian (from the old South Wales 
tribe of Silures) for a series of rocks examined by him in South 
Wales and the adjoining parts of England. 

After some years it became clear that the lower part of Murch- 
ison's Silurian was the equivalent of the upper part of Sedgwick's 
Cambrian. Murchison endeavoured to fix the boundary between 
the two below what he had described as Silurian ; and, as he could 
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there find no suitable base line, he gradually included in his 
Silurian more and more of the rocks below, until at length he 
reached, the Lower Cambrian of Sedgwick. He relied on the 
great poverty of the Cambrian fauna in comparison with the 
Silurian, and on the absence of a natural base for his Silurian; 
while Sedgwick, in opposing him, emphasized the right of so thick 
and peculiarly developed a series as the Cambrian to be considered 
a distinct Formation, and pointed out the partial distinctness of the 
— at that time little known — Cambrian fauna. 

In spite of the great influence which Murchison in time gained, 
his attempts to reduce the Cambrian merely to a basal group of the 
Silurian, had but limited success. Among the few geologists who 
follow him, Joachim Barrande claims the first place. In the fifth 
decade of the century he undertook the examination of the oldest 
beds of Bohemia ; and there he recognised not only Murchison's 
Upper and Lower Silurian, but also a third still older fauna con- 
sisting chiefly of trilobites, which were afterwards found in the 
Menevian of Wales. Unfortunately he called this the first or 
Primordial Fauna of the Silurian, because he applied this term to 
the whole of the pro-Devonian beds. This "Primordial Fauna" 
coincides essentially with the Lower Cambrian of Sedgwick. 

A similar trilobite fauna, specially characterized by the genus 
FaradoxideSj was immediately proved in Scandinavia and also in 
North America ; and this circumstance caused the term Cambrian, 
in spite of the opposition of Murchison and Barrande, to grow 
more and more in favour. At the present time most of the 
German, English, Swedish, Russian, and North American geolo- 
gists consider the Cambrian a distinct system, while their French 
comrades in part follow the example of Barrande and distinguish 
it as Primordial Silurian. In North America, Marcou and others 
have lately tried to introduce the term Taconic instead of Cam- 
brian, a term proposed by Emmons in 1842, but with a very 
different meaning. 

It is now almost universally admitted that the Cambro-Silurian 
rocks fall naturally into three great divisions, each characterized 
by its own peculiar fauna. Speaking broadly, Sedgwick applied 
the term Cambrian to the two lower ; Murchison at first included 
in his Silurian the two upper divisions, but ultimately took in a 
large part of the lowest also. The greater number of geologists, 
perhaps, apply the term Cambrian to the lowest division and of 
Silurian to the two upper. 
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In 1881 Prof. Lapworth proposed to give expression to the 
facts of the case by giving to each of the great divisions a dif- 
ferent name. Then, since the term Cambrian is almost universally 
applied to the lowest group, and the term Silurian to the upper- 
most, he retains these names with those significations; and for 
the intermediate or second group of beds, which is the group in 
dispute, he proposes the term Ordovician (derived from the name 
of one of the old Welsh tribes). 

The merits of this arrangement, not only as the fairest compro- 
mise possible between the conflicting parties, but also as the 
natural expression of the facts of the case, are now very generally 
recognised, and it is accordingly adopted in this work.^ 

The following table shows the different significations that have 
been given to the terms Cambrian and Silurian in England : — 





Secl^wick. 
Silurian 


MurchUon. %0^0,^-^nX 


Lyell. 

Upper 
Silurian 


Lapworth. 


Downtonian 

Salopian 

Valentian 


Upper 
Silurian 


Upper 
Silurian 


Silurian 








Lower 






Bala Series 
Llandeilo 
Arenig and 
Llanvim 




Lower 
Silurian 


Lower 
Silurian 

Cambrian 


Ordovician^ 


Tremadoo 

Slates 
Lingula Flags 
Menevian 


Uambrian . 

' Primordial 
Silurian 


Silurian 


Cambrian 


Harlech, etc. 


1 Cambrian 

1 


Cambrian 





GENERAL REMARKS, 

By far the most extensive of the Cambro-Silurian deposits of 
Europe are those of Russia. They seem to form a continuous sheet 
stretching from the Gulf of Finland and the White Sea to the 
south and east over the whole country. Throughout the greater 
part of its extent this sheet is covered and hidden by newer 
rocks ; but its edge appears along the south coast of the Gulf of 
Finland and stretches thence north-eastward to the White Sea, 

^ Dr. Kayser adopts the usual Continental arrangement, and unites the 
Ordovician with the Silurian. 

' The term Ordovician, as used in this work, includes the Tremadoo 
Slates. 
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while in the south, the river Dniester has cut down through the 
later deposits and exposes the upper surface of the Cambro- 
Silurian sheet. Where exposed, the beds are nearly flat and un- 
disturbed ; to the east, however, the edge of the sheet is turned 
up along the western slope of the Urals, and it is here thrown 
into folds running from north to south. 

Leaving this Russian sheet of deposits and passing towards the 
west, we find that at one time the undisturbed beds extended over 
the south of Scandinavia, where they are now represented by the 
outlying patches of Scania, etc. But in the western and central 
parts of Norway they are thrown into folds and much altered, 
just as they are along the eastern border of the sheet. 

It is probably the same system of folds that brings up the 
Cambro-Silurian along the western border of Britain, in Wales, 
the Lake District, and the South of Scotland ; and again in the 
North of Scotland. The first three areas appear to be the eastern 
portions of long elliptical domes running from about W.S.W.- 
E.N.E., which are cut into by the Irish Sea ; but the westerly 
continuations of which bring up the Cambro-Silurian as a fringe 
along the northern and southern border of the sheet of Carbon- 
iferous rocks which covers the greater part of Ireland. It is clear 
that no system of simple folds striking from W.S.W.-E.N.E. 
would have the effect of turning up these rocks only along the 
western border of Britain, and there must be a system running 
from S.S.W. to E.N.E. ; and the elliptical domes have been pro- 
duced by the combination of the two systems. 

Turning now to Central and Southern Europe, the chief areas of 
Cambro-Silurian rocks are those of Brittany, Spain, and Bohemia. 
Unfortunately, the structure of the first is very complex, and that 
of the second very imperfectly known. In the character of the 
deposits and fossils, however, they differ considerably from the 
Cambro-Silurian of Northern Europe ; so that we recognise two 
more or less distinct facies of Cambro-Silurian in Europe, a 
Northern and a Southern. Thus, neither the Orthoceras lime- 
stone nor the Pentamerus beds, both of which are almost universal 
in the Northern facies, is found in the South. The Olenus beds 
also are unknown in Southern Europe ; but this seems to be due 
to the fact that there was no deposition during the Olenus period. 

But the most important difference between the two facies is to 
be found in the fauna. Many forms are characteristic in the one 
area and unknown in the other ; while still more are abundant in 
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the one and rare in the other. Considering the richness of both 
faunas, the number of species common to the two is strikingly 
small. This has usually been explained by supposing a ridge of 
land to have separated the two seas in Cambro-Silurian times ; but 
it is probable that climate was at least one of the causes of the 
difference, and that we have here indications of climatic zones in 
those early periods. It should be remarked that in the appearance 
of Madurea Logani and other N. American forms in the Cambro- 
Silurian of Scotland, we seem to have indications of a still more 
northerly zone. 



A.— CAMBRIAN SYSTEM. 

British Islands. — In England and Wales Cambrian rocks 
occur in North and South Wales, Shropshire, Warwickshire and 
the Malverns; while the lower part of the Skiddaw Slates in the 
Lake District may possibl}^ also be of Cambrian age. In Scotland 
Cambrian rocks are known only in the North ; and in Ireland they 
are found in three areas, viz. Wicklow, Wexford, and perhaps 
Galway. In Britain, as throughout northern Europe, the lowest 
beds are characterized by the occurrence of the trilobite Olenellus, 
Above these come beds with the somewhat similar form Para- 
doxides ; while the upper part of the system contains Olcnus in 
abundance. The whole system may be subdivided as follows : — 

Dictyograptus Shales. 

r r Dolgelly group. 

Olenus Beds "^ xiJ ] Ffestiniog group. 

C " C Maentwrog group. 

r Menevian. 
Paradoxides Beds < Harlech grits (?), Llanberis Slates (?), Solva 

C group. 

Olenellus Beds \ Comley Sandstone (lower part), Fucoid beds 

C of Scotland, Caerfai group (?). 

The Longmynd rocks, which were formerly supposed to be of 
Cambrian age, now appear to be Pre-Cambrian. 

Our knowledge of the Olenellus fauna in England is yet in its 
infancy, and it is impossible to correlate with exactness the lowest 
Cambrian rocks throughout the British Isles. Oleiielltts was first 
found in England ^ at the base of the Comley Sandstone on the 

» Lapworth, Geol. Mag., 1888, p. 484 ; 1891, p. 529. 
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ilaaks of Caer Caradoc in Shropshire; and there the Olenelltis beds 
consist of a basal quartzite followed by this sandstone. Besides 
OleneUus, these beds have yielded Kutorgina and Micktcitzia^ 
the latter of which is characteristic of the OleneUiLS zone of the 
Baltic Provinces. The upper part of the Gomley Sandstone has 
yielded Paradoxidcs^ and belongs therefore to the next division of 
the Cambrian. 

In South Wales the oldest Cambrian rocks are divided by 
Dr. Hicks * into two groups. The lower of these, called the 
Caerfai group, probably belongs to the Olenellus zone, and consists 
of conglomerates, sandstone and shales with few fossils (tracks of 
Annelids, Fucoids (?), Leperditia^ and Lingula [Lingiflella] prim- 
€Bva). This is succeeded by the Solva group, which is made up 
of red and green schists and sandstones, and contains a com- 
paratively rich fauna — various species of Paradoxides (P. Hark- 
nessij P. solvensis, P. aurora\ Conocaryphe^ Agnostus and other 
trilobites — and belongs to the Paradoxides fauna. 

In North Wales the oldest of the Cambrian rocks are the 
Harlech grits and the Llanberis Slates. The Harlech series con- 
sists of more than 6,000 feet of sandstones with ripplemarks and 
suncracks, but without fossils ; and the Llanberis Slates consist 
mainly of several thousand feet of purple slate — worked at Penrhyn 
in the largest slate quarries in the world — with some greenish 
grits and with a conglomerate of Archaean rocks at their base. 
Formerly nothing was known from these beds except some doubt- 
ful fucoids; but recently remains of trilobites, notably a fine 
Conocoryphe (C. viola), have been discovered in the slates at 
Penrhyn .3 

These older beds are followed both in North and South Wales 
by the Menevian Series— a series of slates and sandstones only 
a few hundred feet thick, which contain two species of Paradox- 
ides (P. Hicksiiy P. Davidis), Conocoryphe, Arionellus, Agnostus 
and other trilobites, a Theca, an Orthis, Obolella, sponge spicules 
(Protospongia), and other fossils. 

Next follows the most important division of the English Cam- 
brian, the Lingula Flags, which are especially well developed 
in North Wales, and consist of 6,000 feet of dark, thick-bedded 
slates and shales with intercalated hard beds of grit and sand- 
stone. They have been divided into three groups, and these 

* Quart, Jourti. Gecl, Soc.^ xxvii. 396. 
' Woodward, Quart. Joum. Oeol. Soc,, xliv. p. 74. 
C.q. D 
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groups are again subdivided into zones which closely correspond 
with the zones in the Olenus Shales of Scandinavia, thus : — , 

Dolgelly group. I^PV^^' Olenus (Pdtura) Bcarabaeoides. \Orthia 

iLower. Olenus (ParaboUna) spinuloaa, j lenticular i$ (II. Q)^ 
Ffestinioit j Upper. Olenus mierurus ^ LinguleUa DaxAsii (II. 5). 

\ Lower. i Hy7nenocarisvermicauda{ll,V). 

I DDDer / ^*'"** cataraetes. "^ 

Maentwrog. •' ^ Olenus truncatus (I. 2). f Agnostus pisi/ormis (1. 4). 

(Lower Olenus gibbosus ^ 

At the uppermost limit of the Lingula Flags, or (according to 
the terminology more usually accepted in England) at the base of 
the Tremadoc beds, there occurs a horizon of great importance 
owing to its occurrence throughout the whole of Northern Europe, 
namely, the Dictyograptus Shales with Dicfyograptus {Dicty- 
on€ma)flabeUifomiU=80ciali8 (11. 2). 

The uppermost division of the Cambrian, according to the usual 
English classification, is the Tremadoc group, consisting of 
bluish-gray shales and sandstones, which do indeed contain the 
Cambrian forms Olenus, Conocoryphe, Agnostus^ and DiceUoce- 
pfialus, but contain also a number of forms that are quite foreign to 
the Cambrian in general, and are in fact the forerunners of the 
Ordovician fauna. We find a somewhat similar mixture of forms 
in the Swedish Ceratopyge Limestone, the Russian Greensand, 
and the North American Calciferous Sandstone, which all lie in 
the same stratigraphical position, directly on the Cambrian. Since 
these are no longer referred to the Cambrian, but to the Silurian, 
the same must be the case with the Tremadoc Slates. 

In the North of Scotland * OleneUus has recently been found in 
what are known as the Fucoid Beds, and also in the Serpulite 
Grit. As the group of beds of which these form a part lies un- 
conformably upon the Torridon Sandstone, this, which was formerly 
considered to be Cambrian, must now be referred to the Pre- 
Cambrian. 

In Ireland a series of red, purple, and green slates and grits 
occupies considerable areas in Wicklow and Wexford. No fossils 
have been found except Annelid tracks and the problematic 
Oldhamia, which was formerly supposed to be a plant, but is now 
sometimes supposed to be simply a wrinkle in the slate. These 
rocks, from their position, are correlated with the Harlech Series 
of Wales. 

' Peach and Home, Quart. Journ, Qeol, Soc,^ xlviii. 227. 



A.— CAMBRIAN 8TSTEM. 3o 

In Connemara quartzites and slates, with the Connemara marble, 
underlie beds with Llandeilo fossils; and have been doubtfully 
referred to the Upper Cambrian. 

Sweden and Norway.— Our knowledge of the Cambrian Eocks 
of Scandinavia is due in part to the older work of Angelin * in 
Sweden, and of Kjerulf ^ in Norway, and in part to that of later 
observers, especially Linnarsson, Brdgger, Nathorst, Holm and 
Tullberg.^ Unlike the extraordinarily disturbed beds of England, 
the Lower Pakeozoic rocks of Sweden, especially in the south of 
the country and on the Island of Oeland, lie undisturbed in their 
original horizontal position. This may be well seen in the green- 
stone-capped hills of Ostrogothia, such as KinekuUe, Hunneberg, 
Halleberg, etc. (Fig. 11). 

At the base of the Swedish Cambrian and immediately on the 
sharply inclined ArchsBan rocks, lies a massive sandstone, the 
lower part of which is known as the Eophyton, and the upper as 
the Fucoid, Sandstone. Organic remains are rare. Along with 




<st6*'//>//////y-r///////7//////////#/)^^^ 



Fie. 11.— Section of KinekuUe on Lake Wener. 
a'. GneiBS. a. Oldest Cambrian Sandstone, b. Alum Shales, c. Ordovlcian Orthoceras 

Limestone, d, Graptolite Shales. «. Greenstone Cap. 

doubtful remains of plants (Cruziana), there have recently been 
found in the lower Sandstone a brachiopod like Obolus {MickioitzUi 
inanilifera), remains of Medusae, and at the upper limit of the 
upper bed, a species of the important genus of trilobites Olenellus 
(O. KJertdfij I. 6). These sandstone beds are succeeded by dark 
bituminous, somewhat calcareous, shales, which were formerly 
used at many places (at Andrarum in Scania, in Oeland, etc.) for 
the manufacture of alum, and are therefore known as Alum 
Shales. The lower division of these beds is characterized 
palsBontologically by the appearance of the genus Paradoxides 
(P. cdandictis, P, Tessinij P. ForcJiTiamineri) ; and the upper 
division by the genus Olenus (0. timncatuB [I. 2], etc.). Linnars- 
son therefore separated the series into Paradoxides and Olenus 

* *' Palseontologia Scandinavica/' 1854. 

^ " Geologie d. stidl. Norwegen," iao8 and 1879. 

« *• Sveriges Geol. UndersOkn." (1882) ; ZeUa, detUsch. Geoi. Oes., xxxv. 223. 
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Shales. At the upper limits of the latter, as in England, appears 
the genus Dictyograptus. 

Thus the Swedish Cambrian is subdivided as follows (in de- 
scending order) : — 



Dictyograptus zone. 
Olenus beds. 
Paradoxides beds. 



) 

5 



Alum 
Shales. 



Olenellus beds. 



Lower 
Sandstones. 



/ Olenellus Kjervlfi zone. 
< Fucoid Sandstone. ) 

t Eophyton Sandstone. J 

In Norway the development of the upper part of the series is 
quite like that in Sweden ; but the oldest Swedish sandstone form- 
ation is represented by Kjerulfs Sparagmite, a thick, unfos- 
siliferous series of conglomerate, felspathic sandstones, quartzites, 
schists, and limestone. The red Dala Sandstone (so widely spread 
in the form of fragments in the North German Drift) of Central 
Sweden (Dalecarlia), and certain arkoses of West Finland, occupy 
a position similar to that of the Sparagmite.' 

The following zones have been established by Brogger in the 
Alum shales of the Christiania area: — 



Olenus Shales. 



Pai^doxides Shales. 



2e . Dictyograptus flabelliformis. 

2d. Peltura acarahaeoides^ SphcerophUialmua alatus 

Sph, Jlaf/eUi/erf Protopeltura ctcanthura^ etc. 

2c. Eurycare latum^ Leptoptctstiis omatua, 

2b. Parahoiina spinulosa^ Orthia lenticularU, 

2a. Aynostua pisifamiia, Olenus truiicatus. 

f Id. Paradoxides Forchlmmnierx, 

I Ic. P. Tessini^ Agnosius fallax^ etc. 



On the Island of Bornholm, similar Cambrian beds are also 
present, for the knowledge of which we are indebted chiefly to 
JohnstruD. 

In Scania the zones have "been most minutely worked out by TuUberg, 
who distinguishes the following, in descending order: — G. Olenus Shales : 
(al) Bryograptus Kjertilfi^ (a2) Dictyograptus flabelliformis, (b) Acerocare 
ecomey (c) Cydognatftus micropygus, (d) Peltura scarahaeoides, (e) Eurycare 
camuricomej (f) Parahoiina spinulosa and Orthis letdicularis, (g) Ceratopyge, 
(h) Olenus, (i) Leperditia, (k) Agnostus pisiformis, (1) Alum shales without 
fossils. H. Paradoxides Shales: (a) Agnostus Icdvigatusj (b) Paradoxides 
Forchhammeri, (c) Agnostus Lundgreni, (d) ParadooMes Davidis, (e) Cono- 
coryphe osqualis, (f) Agnostus rex, (g) A, intennedius, (h) Microdiscus scanicus. 



1 It is probable that at least a portion of these is, like the Torridon Sand- 
stone of Scotland, of Pre-Cambrian age. 
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(i) Conocoryphe ex9ulan$^ (k) Ayttostus atavus^ (1) Limestone, (m) Black Alum 
Shale, (n) OUfwilui Kjerulfi. The last three probably belong to the 
Olenellus zone. 

Baltic Provinces. — The Cambriaa of the Russian Baltic 
provinces and of the neighbourhood of St. Petersburg has become 
known partly through the older work of Pander, de Vemeuil, 
Count Keyserling, von Eichwald and others, and still more through 
the loiig continued researches of F. Schmidt.* In this region, as 
in Southern Sweden, the beds lie nearly flat and have, more- 
over, in part— especially the so-called Blue Clay — preserved their 
original soft character. 

The lowest part of the Cambrian, resting directly on Gneiss and 
Granite, is the Blue Clay, a plastic clay some 300 feet thick (as 
borings near St. Petersburg have shown), with interbedded sandy 
layers, which in the lower part form a somewhat thick bed of 
sandstone. The only organic remains hitherto found in the oldest 
beds are groups of glauconite grains which were shown by Ehren- 
berg to be casts of Foraminifera, and some doubtful remains of 
Algae. 

The Blue Clay passes upwards into a series of alternating 
clay and sandstone beds. From these the only fossils for- 
merly known were the so-called Platysolenites and Volborthellas 
— the former probably fragments of the stalks and arms of 
Cystideans, and the later a very small Orthoceras. In later times, 
however, a number of other very important forms have been dis- 
covered. These include a species of Olenellus (0. Micktcitzi, the 
oldest known European trilobite), and two species of a PatellaAike 
shell, called SceneUa (which occurs also in the N. American Cam- 
brian). They contain also Meduscu and Mickwitzia monilifera^ 
which have already been mentioned as occurring in the Eophyton 
Sandstone of Sweden ; fossils like Obolella and Discina^ as well 
as Cmziana, a plant-like form which is now usually supposed to 
be pseudo-organic. 

Since the Medusce and Mickicitzia show that these beds are 
the equivalents of the Swedish Eophyton Sandstone, the succeed- 
ing 30-50 feet of unfossiliferous Sandstone must represent the 
unfossiliferous Fucoid Sandstone. 

The next bed is the Ungulite Sandstone, a loose yellow 
sandstone, the upper layers of which are completely filled with 

* Quart. Joum. Geol. *Sbc., xxxviii. 514. Mem, VAcad, Imp, Sci. St. Peters- 
burg^ Ser. vii. xxxvi. No. 2. 
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fragments of horny braoLiopods, the most abundant being Obolus 
Apollinis, The resemblance of the muscle-impressions of this 
shell to the mark of a horse's hoof, has given to it the name 
of Ungulite. It is a point of very great importance, as observed 
by Schmidt, that there is a sharp boundary between the Ungulite 
Sandstone and the underlying Fucoid Sandstone, and also that at 
the base of the Ungulite Sandstone there are conglomerates which 
consist of pieces of Fucoid Sandstone. These facts indicate a gap 
at the boundary between the two formations — a gap which points 
to a change of level and an interruption of sedimentation, during 
which the older Fucoid Sandstone suffered some denudation. 

Lastly, the uppermost beds of the Cambrian, as in Scandinavia 
and England, are the Dictyograptus shales, — dark-coloured, bitu- 
minous clays some 20 feet thick, which contain Dictyograptus 
flabelliformis, and also numerous true graptolites. 

The following table shows the grouping of the Baltic Cambrian 
and its relations to that of Sweden and Norway : — 



Baltic Provinces. 



55 • 



S 









Dictyograptus Shales 
Ungulite Sandstone 






Fucoid Sandstone 

Zone of Olenellus 
Mickwitzi 

Blue Clay 
Lower Sandstone 



Sweden. 



Norway. 



IH^yograptus 8hAl€9 Dictyograptus SheAas 2e 

2d 

Olenus zone 1 2 1> 

2 a 



Olenus zone 



Paradoxides zone 



Paradoxides zone 



Zone of Olenellus 
Kjerulfi 



Zone of Olenellus 
Kjerulfi 



Fucoid Sandstone 

Eophyton Sandstone Sparagmite 






la 



Bohemia. — In Central Europe Cambrian beds have been known 
longest in Bohemia. Our knowledge of them is due entirely to 
the remarkable observations, extending over more than forty years, 
of Joachim Barrande, on the oldest rocks of this region. 

The first result of Barrande's observations was the appearance 
in 1846 of his " Notice pr61iminaire sur le Syst^me Silurien de la 
Boheme."^ This was followed in 1847 by a work on the Brachi- 



> V. Haidinger's "Naturw. AbhandL," i. and ii. 
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opods; and afterwards, from 3852 onwards, by his great work, 
" The Silurian System of Bohemia," the most comprehensive Mono- 
graph of this kind that has yet appeared, treating of the different 
groups of animals in order. 

The oldest beds of Bohemia form a basin, some 90 mu long and 
10 or 12 m. broad, the principal axis running in an S.W. direction 
from Prague through Beraun to Pilsen. In consequence of this 
very regular structure the oldest beds occur at the boundary and 
the newest in the middle of the basin, whilst the floor of the 
trough is made of Archaean rocks and, above them, of unfos- 
siliferous, phyllitic schists, called the Przibram schists by 
Lipoid, which include locally conglomerate, sandstone and oolitic 
limestone. 

Barrande has divided the whole series of beds of this basin into 
Stages, which he indicates by capital letters, whilst he marks the 
smaller sub-divisions by small letters and figures. His Stage A 
represents the Przibram schists, and is of Pre-Cambrian age. The 
succeeding unconformable Przibram Grauwackeof Lipoid, 
which begins with coarse conglomerates and is made up mainly 
of dark coloured sandstone below and lighter coloured above, was 
placed by Barrande as " Stage B " with the azoic rocks ; but in 
later times they have been separated from these ahd classified as 
lowest Cambrian.^ Except Annelid tracks and a solitary Orthis, 
no fossils have yet been found in these rocks. Above these comes 
Stage C, Barrande's "Primordial beds," consisting of greenish, 
thick-bedded slates, some 300 feet thick, with a rich and well- 
preserved fauna. Trilobites preponderate, and among them the 
genera Paradoxides (with both the chief species P. bohemicus 
[I. 1] and P. 8pinulo&tc8\ Conocoryphe (I. 3), Ellipsocephalus, 
ArionelluSj Agnostus and others play the chief part. Besides these, 
there are only a few species of Hyolithes or Theca (11. 3), a few 
brachiopods {OHhis, Obolus), and a number of cystideans, in all 
some thirty species. These Paradoxides or Jinetz beds (so 
called from their chief locality, Jinetz, on the south border of the 
synclinal) are undoubtedly equivalent to the Swedish Para- 
doxides Shales and to the English Menevian. It is worthy of 
remark that they do not form a continuous zone round the whole 
basin, but are known only at Jinetz and near Skrej, at the 

1 Marr, Quart, Joum. Geol. Soc.y xzxvi. ; Katzer, " Das ttltere Palseozoi- 
cum in MittelbOhmen," Prague, 1888. "Geologie von Bohmen," Prague, 
1892. 
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northern border of the basin. According to Marr this is due to 
a slight unconformity (probably a normal overlap) between the 
Paradoxides beds and the succeeding, somewhat conglomeratic, 
basement beds of Barrande's Stage D, and accordingly there must 
be a stratigraphical gap between them. This view would satis- 
factorily explain the absence of any equivalent of the English and 
Swedish Olenus beds in Bohemia. According to Katzer, however, 
the two deepest zones of Barrande's D, d la, and d 1/3, which con- 
sist of sandy conglomeratic beds with diabases, diabase tuffs and 
ironstone, and contain as organic remains only Lingula and some 
species of Orthis, also belong to the Cambrian. 

Germany.— In Germany Cambrian beds are but very slightly 
developed. The largest area is that of the Fichtelgebirge and the 
neighbouring Saxo-Thuringian Voigtland. They are here under- 
laid conformably and without any sharp boundary by Archaean 
phyllites, and consist of thick greenish grey, miaiceous sandy, 
often very schist-like slates with interbedded quartzites. The 
only fossils found are usually badly preserved bivalves and, in the 
upper part of the series, lying on the surface of the beds, certain 
alga-like forms, the so-called Phycodes, the significance of which 
is still doubtful. It is only at Leimitz near Hof that a richer fauna 
has been found, consisting principally of trilobites and brachiopods. 
These have been worked out by Barrande,^ and described as a sort 
of passage-fauna between Cambrian and Ordovician. According 
to the notices of Gllmbel- on this interesting faima, these beds 
must be considered of the same age as the English Tremadoc and 
the Swedish Ceratopyge Limestone, and thus would be classified 
as Lowest Ordovician. 

Except in this area, Cambrian rocks are known in Germany only 
m the Hohe Venn, south of Aix la Chapelle. This is an old moun- 
tain core consisting of clay and roofing' slates, quartzites and 
phyllites, surrounded by unconformable Devonian beds. A few 
fossils (AgnostttSj Dictyograptus, OMhamia) discovered in the 
neighbourhood of the well-known Baden Spa and elsewhere, render 
the Cambrian age of the rocks at least probable. 

France. — In France the chief Cambrian areas are found in the 
Ardennes, in Brittany and Normandy, and on the borders of the 
Central Plateau and in the Pyrenees. As a rule fossils are ver}' 



* *' Faune silarienne des environs de Hof " Prague, 18G8. 
2 " Grundztige der Geologie," p. 544. 



A.— CAMBRIAN SYSTEM. 41 

rare and the relations of the beds obscure. In the Ardennes they 

form several massifs of slates, quartzites, and phyllites, rising 

through later rocks; and Gosselet recognises two sub-divisions, 

Devillo-Revinien below and Sal mien above. The former he 

correlates with the Longmynd and the latter with the Lingula 

J^lags. Dictyograpttcs occurs in both. — Paradoxides has been 

found in the Montagne-Noire on the south of the Central Plateau. 

Spain. — In the Provinces of Galicia and Asturias Cambrian 

rocks have been described by Barrels and divided by him as follows 

(in descending order) : — 

Limestones and Slates of the Vega, with Paradoxides . . 50-100 m. 
Slates of Bivadeo 8000 m. 

They rest quite conformably on the underlying rocks. Besides 
Paradoxides^ the Vega beds contain Conocoryphe and Arionelltcs. 
No Olenus beds are known in this area ; and this appears to be a 
feature common to most of the southern Cambrian areas. 

Cambrian rocks have also been found in Seville (with Archoio- 
cyathus [II. 7]), and Ciudad Real {Ellipsoctphalus), 

In Sardinia, in the region of the Canal Grande, and in the dis- 
trict of Iglesias, a series of schists, with limestones and sand- 
stones, has been found, which contain forms of both the Olenellus 
and Paradoxides faunas ; among them Paradoxides^ ConoccphaliteSj 
Lingula and Archceocyathus, 

Cambrian fossils are also known from China and the Argentine 
Republic. But among distant parts of the earth, there is none 
so important for a knowledge of the constitution and succession of 
the Cambrian Fauna as North America. Cambrian rocks have 
there been found at a number of different points and, in some 
places, of very considerable extent. They occur both in the east 
of the continent (Newfoundland, Nova Scotia, New Brunswick, 
Eastern Massachusetts, in the north of the States of Vermont and 
New York, and in Canada), at various localities in the Mississippi 
basin (Wisconsin, Minnesota, Missouri, Arkansas, and Texas), and 
further westward on the slopes of the Rocky Mountains (in the 
Dakota Territory, Utah, Nevada, Arizona, etc.). In some places — 
as in the New York States, Canada and the Western Territories — 
they rest directly on the Archaean rocks. These are, as is every- 
where the case, steeply inclined and much folded ; while the Cam- 
brian and succeeding newer Palaozoic beds in the east ure nearly 
horizontal over large areas, just as in the South of Sweden and 
the Russian Baltic Provinces. 
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Oar knowledge of the North American Cambrian rests on the 
work of many observers, among whom we mention here only J. 
Hall, Emmons, Billings, Dawson, Meek, Hartt, Whitfield, White, 
Matthew, and Walcott, the last of whom has lately published some 
very important general treatises on the subject.^ It was for a 
long time the opinion of North American geologists that the 
Olenellus fauna was later than the Faradoxides, a view which was 
in part based on the greater richness and variety of the former. 
So strongly was this opinion held, that when Olenellus was found 
in Europe below the Faradoxides beds, the Americans were loth to 
admit the correctness of the determination. In 1888, however, 
Walcott succeeded in finding in Newfoundland a continuous series 
of the Cambrian, from the top of the Huronian up to the Faradox- 
ides beds; and here he discovered, below the Faradoxides zone, 
Olenelltis And other typical fossils of the Olenellus fauna. This 
discovery, showing that the so-called Middle Cambrian — the 
Olenellus zone — of N. America, really underlies the " Lower " 
Cambrian or Faradoxides zone, has necessarily thrown into confu- 
sion the classification of the N. American rocks. But the follow- 
ing table gives, according to Walcott, the general succession of 
the Cambrian beds : — ^ 



Calciferous Sandstone. 



Upper 

Cambrian, 

Dicellocephalus 

zone 
(=01enus zone) 



Middle 

Cambrian, 

Faradoxides 

zone. 



Potsdam Be<l9 

(Knox, Tonto, 

Bell Isle). 



St. John Beds 

(Braintrep, 

Avalon). 



Poltdam Sandstone of New York, Canada, 
Wisconsin, Texas, Wyoming ; Galla- 
tin limestone of Montana; and a 
portion of Fogonip limestone of Ne- 
vada. Knox Shales of Tennessee ; Coosa 
shales of Georgia and Alabama.' 
Tonto calcareous shales of Arizona. 
Shales and sandstones of Great and 
Little Bell and Kelley^u Islands, Con- 
ception Bay, Newfoundland. 

Shales and slates of Braintree^ Massachu- 
setts; St, John^ New Brunswick, and 
the Avalon Peninsula of Newfound- 
land. Central portions of the New 
York and Nevada Cambrian sections, 
and portions of the Tennessee and 
Alabama sections. 



» See especially Tenth Ann. Report U,S. Ged, Survey, "The Olenellus 

Fauna.*^ 
* Walcott includes a part of the Calciferous Sandstone in his Cambrian. 

> The lower part of the Alabama section may ba Middle Cambrian. 
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Calcifbbous Sandstone — continued. 



Lower 

Cambrian, 

Olenellus 



zone. 






G^rgia Beds 

(Plaoentia, 

Prospect 

Mountain). 



Georgia shales and Granular quartz of 
Vermont, Canada, New York and 
Massachusetts; shales and quartzite 
of Chilhowee Mountain, Tennessee. 
Limestones, etc., of LV4.nse au Loup, 
Labrador ; northwest coast and penin- 
sula of Avalon, Newfoundland; basal 
series of Han ford Brook, New Bruns- 
wick; and shales and limestones of 
North Attleborough, Mass. Lower 
part of Cambrian section of Eureka, 
and Highland Bange, Nevada ; Upper 
arenaceous shales of Big Cottonwood 
Canon, Cambrian section of Utah. 



The lowest sub-diviaion, the Georgia group, consists, where 
t3'pically developed, of several thousand feet of dolomitic lime- 
stone, sandstone, sandy marls, etc. They contain several species 
of the characteristic genus Olenellus^ and also the trilobite genera, 
Olenoides, Ptychoparia, Bathynotus, Bathyuriscus, Microdiscus, 
Agnostus and others, a conple of other crustaceans (Protocaris, 
I^perditia), a series of gasteropoda (Scenella, Stenotheca, Platy- 
ccras) and pteropods {HyolWies, Hyolithdlus and others), a lamelli- 
branch (Fordilla), a number of brachiopods {Lingulella, Acrotreta, 
Ktitorgina, AcrothelCj Oholella, Orthisina, etc.), a doubtful cysti- 
dean, a few graptolites (Diplograptus and Climacograptvx*^)^ 
various sponges — among them especially ArchcBOcyathus — as well 
as traces of annelids and algae. 

The middle division, which includes some 2,000 feet of schists 
and sandstones, the St. John or Paradoxides beds, is distin- 
guished especially by the occurrence of large species of Paradox- 
ides — among them P. Harlani^ probably the largest known trilobite. 
With these are associated CanocorypJie, Ptychoparia^ Arionellus, 
Agnostus J and other trilobites, a few ostracods, several species 
of the pteropod Hyolithes^ a few gasteropods, species of Lingu- 
lella, OboleUOf Kutorgina^ Acrotreta^ Oi-fhis, and other genera of 
brachiopods, and lastly a few graptolites and sponges. 

Lastly, the upper division of this formation, the most widespread 
and the longest known, the Potsdam Sandstone, consists mainly 
of sandstones, which often become conglomeratic at the base. They 
not unfrequently show ripple-marks, tracks, sun-cracks, and other 
indications of a fresh-water origin, and in the valley of the St. 
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Lawrence they reach a thickness of 6,000 feet. The most signifi- 
cant, and at the same time most widely-spread genus of the fauna 
is Dicellocephalus. Of the trilobites, OlenuSj AHoncUus^ Ptycho- 
2)aria^ Agnostics, etc., may be mentioned, and various gasteropods, 
a number of brachiopods, etc. A true Olenus fauna has recently 
been discovered by Matthew in New Brunswick. 

In all Walcott reckons the number of the known species of the 
N. American Cambrian at nearly 400, belonging to some 90 genera. 
In this calculation, it is to be remarked that he includes in the 
Cambrian the Calciferous Sandstone, which we, following most 
others, place, like its equivalents the English Tremadoc and the 
Swedish Ceratopyge Limestone, in the Ordovician. 

A classification applicable to the whole of the Cambrian deposits, 
as described in the foregoing account, was proposed by Linnarsson, 
who was the first to separate the Paradoxides from the Olenus 
Beds. This classification is indeed valid, not only for Europe, 
but also for North America, where the occurrence of Paradoxides 
everywhere points to an older phase than that marked by the 
appearance^ of the genus Olenus — a circumstance which loses 
scarcely any of its significance^ although ^in America it is not 
Olenus, but Dicellocephalvs, that plays the most important part 
in this phase. In more recent times Lapworth has added to 
Linnarsson's two groups a third division, which includes the 
lowest conglomeratic and sandy beds that are found in most of 
the European Cambrian areas at the base of the formation. 

Since scarcely anything was formerly known from this oldest 
division except traces of annelids and algae, Lapworth ^ proposed 
for it the name Annelid ian — considering it as a group of equal 
value with the Paradoxidian and Olenidian. But recently, 
not only in Scandinavia and Russia, but also in North America, 
there has been found in the Annelidian a comparatively rich 
fauna, in which the genus Olenellus is the most important form ; 
and it therefore appears advisable to replace this name by the 
term Olenellidian or Olenellus beds. In this way we arrive 
at a tripartite grouping of the Cambrian, which appears in the 
following table : — 

» (Jeoi. Mag. (1881), pp. 2G0 and 817. 
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Bogland. 



Sweden. 



T 



Baltic 
Provinces. 



Bohemia. 



North 
America. 



Upper Cambrian : Upper limit : Dictyonema Shales. 

or I 

Olenas (Dicello- Lingula Olenuii 

cephalus) zone. Flags. Shales. 

— . — 1 



Middle Cambrian 



or 



Menevian 



Paradoxides zone 



Para- 

(and Solva). ^^\^^^« 
I Beds. 



Ungulite \Ddla and j9 Potsdam 
Sandstone.' Barrande ? Sandstone. 



I 



Jinetz 
Schists. 



St. John 

or Acadia 

group. 



Lower Cambrian 

or 
Olenellns zone. 



Caerfai. 



Fucoid and 
Eophyton 
Sandstone. 



Fucoid , 
Sandstone, Przibram Georgia 
Blue Clay, Grauwacke. group. 

Sand. 



Paleontology of the Cambrian System. 

As above remarked the Cambrian fauna of North America now 
amounts to some 400 species. The fauna of the same age in the 
various countries of Europe and other continents is much poorer 
and does not include so many species as that of America alone. 
Altogether one may conclude that the total number of the hitherto 
known Cambrian fauna amoxmts to 700 or at the most 800 species. 
This is very few compared with other Palaeozoic systems, as for 
example the Silurian. We should not forget, however, that till 
a few decades ago, scarcely a tenth of the present species was 
known, and we may therefore hope that future observations will 
continue to add to the number of the Cambrian fauna. Especially 
we must remember that, as in recent times, it has been shown 
that the Paradoxides beds are not the oldest of the Cambrian, but 
that imder them there is still another equally well characterised 
series, the Olenellus beds, in the same Way the future may show 
us other and lower series, and with this the Cambrian System 
would become more nearly equal to other systems in the number 
of its fauna. 

The most favourable prospect of an increase appears to be in 
China, where, according to v. Richthofen, below the beds recog- 
nised as Cambrian by their fossils, there is a thick series largely 
made up of oolitic limestone, out of which how*ever no fossils 
have yet been obtained. 

The composition of the Cambrian fauna, where it has hitherto 
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been studied, is extremely homogeneous. Above all it consists 
essentially of Trilobites and Brachiopods ; along with which only 
a few other Crustacea and Molluscs and representatives of still 
lower groups are usually found. The chief subdivisions now 
known from the Cambrian are : — Trilobites, Phyllocaridse, Ostra- 
coda. Gasteropoda, Pteropoda, Lamellibranchiata, Brachiopoda, 
Annelida (in the form of tracks known as " Nereites"), Cystidea, 
Medus®, Graptolites, Sponges and Foraminifera. Among the 
animals the great rarity of Lamellibranchs (only a few genera of 
which are known) and the complete absence of Cephalopods and 
Corals are especially remarkable. Animals of higher type than 
Crustacea are, so far as is yet known, absent. No Vertebrates, 
even of the lowest division, the fishes, are known. Of plants only 
marine Algse are found. A great number of the forms known as 
EopJiytoJij Cruziana, Oldhantia are of very doubtful significance. 

Far the most important part is played by the Trilobites. They 
are distinguished from those of younger beds by several characters, 
viz. : — (1) by the extreme shortness of the tail, which is often 
reduced to a small appendage, or indeed, as in several species of 
OlenelluSj to a swollen spine at the end of the body ; (2) by the 
want of power to roll themselves up ; (3) by the blindness of most. 
Many indeed have still an eye-socket, but no trace of a lens. 

As a typical example of the Cambrian Trilobites we may take 
the genus Paradoxidea (I. 1), which is characterized by its con- 
siderable size — P. Harlani and P. rc^tna reaching 1\ feet in length 
— crescentic head-shield produced posteriorly into long spines, very 
broad club-shaped glabella swollen in front, spiny thoracic rings 
and extraordinarily short tail. The genus Olenellus (I. 6) differs 
from Paradoxidcs in the absence of facial sutures and the possession 
of a long cylindrical glabella, with the anterior part of which the 
large eyes are confluent ; while the grooves on the wings of the 
thoracic segments are flatter, broader, and not so deep as in 
Paradoxides, The smaller genus Olenus (I. 2) is characterized by 
a relatively short but broad oval glabella, small narrow eyes 
connected with the glabella by special ridges, etc. The genus 
Dicellocephalus (I. 6) is specially distinguished by an unusually 
large and broad tail-plate. The widely-spread genus Agnostus 
(I. 4), which extends upwards into the Silurian, is distinguished 
from all other Trilobites by the great similarity between the head 
and tail, the absence of eyes and the presence of only two thoracic 
rings. The genus Conocoryphe or Conocephalites (I. 3), which also 
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extends even into the Silurian, is of great. importance. The head 
shield is semi-circular, with ridge-like thickened border, and the 
glabella separated by deep grooves from the cheeks. Eyes present 
or not ; thorax and tail sharply separated. 

Among the Brachiopods the principal part is played by the 
hingeless, homy-shelled Lingulidae and Obolidse, with Lingvla, 
LingnleUa (11. 5), Obolus (II. 4), Obolella, Acrotreta, Acrothele, 
KiUorgina, etc. Besides these there are a few only of the hinged 
forms, such as Orthis (II. 6). 

Of the Molluscs only the genus Hyolithes {Theca) (II. 3), a three- 
cornered, quiver-shaped operculate form, has a wide distribution. 

Although the Cambrian fauna is in many respects of a low 
type, yet its constitution is not such as one would expect of the 
oldest fossil fauna. The Cambrian Trilobites and other Crustacea 
are of a relatively high organization, which, as Barrande, Matthew, 
.etc., have shown, must have been reached through a long indi- 
vidual metamorphosis. At the same time he who believes in the 
theory of evolution can see that it is improbable that organic life 
should originate in the earth with such highly organized forms, 
and consequently that it is improbable that the Cambrian fauna 
represents the primordial fauna of our planet. He will rather 
oonsider, with the greatest number of the geologists of the day, 
that the oldest yet known fauna has been preceded by a whole 
rseries of other faunas of which our Cambrian fauna is the descen- 
dant. But unfortunately these older faunas, which must lie far 
.below the Olenellus beds, are still quite unknown. 

Moreover other facts have been pointed out as proof of the 
relativie newness of the Cambrian fauna. Thus, it is distinctly an 
impoverished fauna, for besides the two prominent and abundant 
^oups of trilobites and brachiopods, it includes representatives of 
other groups of which there are [only scattered and isolated forms ; 
.and this mixture of an abundant with other dying groups is what 
we find to-day in the deep sea, or in water basins which have lost 
Iheir former connection with the ocean. Moreover, E. Suess has 
-drawn attention to the fact that almost all the Cambrian Trilo- 
bites are blind, whilst on the other hand among the Ordovician 
forms (such as JLglina) we find some with abnormally large eyes. 
These are characteristics that are found also among the deep-sea 
orabs of the present day, some of which are characterized by 
immensely large eyes, whilst others, though they still possess eye- 
stalks or other remains of eyes, are blind. But just as the blind 
c. o. K 
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Crustacea of the deep sea are the successors of an older seeing 
fauna, so also the blind Cambrian Trilobites were descendants of 
Trilobites with eyes, and thus it follows that our Cambrian fauna 
represents an impoverished deep-sea fauna which must have been 
preceded by another richer fauna. 



B. ORDOVICIAN SYSTEM. 

British Isles. — The , Ordovician rocks cover a considerably 
larger area than the Cambrian. They occupy a large part of 
Wales and of the Lake District, and are found also in Shropshire^ 
the Isle of Man, and in Cornwall. In Scotland they are found 
in the south, and also in the North- West Highlands; while in 
Ireland they occur in the south-east, in Ulster, in Galway and 
Mayo, and in Clare and Tipperary. 

For the reasons already given the boundary between the Cam-^ 
brian and Ordovician systems is drawn between the Upper and 
Lower divisions of the Tremadoc Slates, the Dictyograptus Shales- 
being included in the Cambrian. The boundary between the^ 
Ordovician and the overlying Silurian was placed by Murchison 
between the Lower and Upper Llandovery ; but Prof. Lapworth has- 
demonstrated the palseontological and stratigraphical unity of these 
two series ; and since, if we consider the whole country, the Lower 
Llandovery lies with pronounced unconformity on the older beds, it 
is now universally allowed in England that the Silurian (Upper 
Silurian of Murchison's followers) commences with this series. 

It is remarkable that in the Ordovician of England massive 
interbedded layers of eruptive rocks (especially andesites and 
felsites), accompanied by tuffs and other ejections, occur almost 
everywhere among the normal sediments, while the Silurian is 
free from such intercalations. 

The Ordovician rocks in the typical area of Wales are divided 
as follows : — 

Bala Series. 
Llandeilo Series. 
Llanvirn Series. 
Arenig Series. 
Tremadoc Series. 
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The Tremadoc beds consist of slates and sandstones, which 
contain, together with a number of Cambrian types (such as 
OlenuSj AgnoHus, Dicellocepfialus, etc.), a series of Silurian 
forms, such as Asaphiis (Asaphellus) Hoinfraj/i, Ogygia scutatriXy 
and several other representatives of the important Ordovician 
family, AsaphidsB ; also species of Cheirurus, Orthoceras, Cyrto- 
ceras, Orthisina^ Poramhonites^ and others, so that from a purely 
palaeontological point of view, the reference of these beds to the 
Ordovician seems to be justified. 

The Are nig beds consist of some 2,500 feet of slates, sand- 
stones and quartzites — to the last belong the so-called stiperstones 
of Shropshire — with numerous graptolites of the genera Didymo- 
graptiLSy Diplograptus, Dendrograptus, Tetragraptus, etc., which 
are accompanied by Asaphdlus Homfrayi^ JEglina^ Trinucleus^ 
Ampyx and other trilobites, LingtUa, etc. 

The Llanvirn beds, consisting of dark slates and tuifs, also 
contain graptolites and numerous trilobites. Among the latter the 
genera lUcenuSf DdLmanites^ and Acidaspis appear here for the 
first time, and Placoparia, a genus of wide distribution, both in 
and out of England, is confined to this horizon. 

The Llandeilo series consists of some 3,000 to 4,000 feet of 
tuffs, slates and flags, the middle member in the South of Wales 
being more or less calcareous. In the South of Wales threo 
zones may be recognised : — 

Upper Stage : Ogygia Bucfiii, Dicranograptus, 

Middle „ Aaaphus (yrannus^ DiplograptuH fcHiaceus, 

Lower „ Didgfnograptus Murchisonu 

The Bala rocks include chiefly slates and grits, with various 
beds of volcanic ash, and two important bands of limestone (the 
Bala and the Hirnant limestones). The series contains a rich fauna 
of trilobites and brachiopods {Asaphus Pozvisiij lllcenvs Boiamanniy, 
Trinucleus concentricus, etc., Orthis ccdligramma [V. 2], 0. Ado- 
nioif Platystrophia lynx [ = Orthis biforata^ V. 3], Leptcena 
sericeGj etc.). 

No subdivisions of general value have yet been established; but at 
Haverfordwest they have been grouped by Messrs. Marr and Boberts ^ as 
follows : — 

Trinuefeus seticornis Beds. LimestoiK; and shales. 

Trinucleus seticornis, Plutcops Brongniartij StaurocepJialus globiceps, 

* Quart, Jaum, Oeol. Soc,, xli. p. 476. 
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Bobestou Wathen Limestone (=Bala Limestone of North Wales). 

HalysiUs catenularia, Orthis elegantula, 
Dicranograptus Shales. Zone of Orthis argentea at summit. 

Dieranograptus ramosus, Climacograptuit bicontis, 

A peculiar tind somewhat different facies of the Ordovician is 
found in the Lake District, where both Ordovician and Silurian 
are in part represented by graptolitic shales. Thus the Skiddaw 
Slates are, in part at least, the graptolitic equivalents of the 
Arenig and Llanvirn beds. . The whole system may be divided as 
follows : — ^ 

/Ashgill Group. /Ashgill Shales. 

Coniston I Staurocephalus Limestone. 

Limestone - Sleddale Group. Limestone and Calcareous Shales 

Series. with Rhyolites. 

^ Roman Fell Group. Corona Beds.* 
Borrowdale Series. 
Skiddaw Slates. 

The Skiddaw Slates consist chiefly of shales and sandstones, 
usually much cleaved. The presence of Dichograptus, DidymO' 
ffraptus, and Phyllograptus shows that a part at least represents 
the Arenig of Wales. 

The Borrowdale Series is made up almost entirely of volcanic 
rocks (Green slates and porphyries of Sedgwick), and contains no 
fossils. 

The Corona beds, as found near Cross Fell, consist of cal- 
careous ashes and limestone, and are characterized by the presence 
of Trematis corona. They are the equivalents of the Beyrichia 
Limestone of Scandinavia and the Trenton Limestone of North 
America. 

The Sleddale Group, which includes most of what has been 
described as the Coniston Limestone proper, contains various 
corals and brachiopods {Orthis calligramma^ etc.) and numerous 
trilobites, such as Trinucleus, IllcenuSj CJiehmrus, Lichas, and 
especially Chasmops macrouriis, and C. conicophtJialmus, two' 
zone fossils of the Swedish and Russian Ordovician. The fossils 
are nearly the same as those of the Bala Limestone of Wales. 

The Ashgill Group includes the thin Staurocephahis Lime- 
stone (about 5 ft.), which is a very constant horizon throughout 

• ' Marr, Ged. Mag, (1892), p. 97. 

* J. G. Goodchild states that there are two Corona beds separated by a 
considerable thickness of other deposits. Geol, Mag. (1892), p. 295. 
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Britaia and Scandinavia ; and the Ashgill Shales with Trinucleus 
concentn'cuSj etc. 

In the South of Scotland there are two areas of Ordovician 
and Silurian rocks that have been described in detail, by Prof. 
Lapworth, viz., the neighbourhood of Girvan in Ayrshire and of 
Moffat in Dumfries. In the latter the whole of the Bala and 
part of the Llandeilo of Wales are represented by some 150 feet 
of graptolitic shales, while in the former the development is more 
normal. 

In the Girvan area, the Ordovician rocks are grouped by Pro- 
fessor Lapworth as follows : — 

Ardmillan Series. 
Barr Series. 
Ballantrae Rocks. 

The Ballantrae Rocks are partly igneous, partly sedimentary, 
and have not as yet been closely examined; but they contain 
black shales which yield Arenig graptolites, such as Didymo- 
graptus extensus, Fhyllograptus typus, Tetragraptus hryonoides. 

The Barr Series begins with a conglomerate of igneous rocks, 
but its most characteristic member is the Stinchar Limestone. 
This contains many of the common Llandeilo and Bala fossils; 
and a remarkable feature is that along with these it contains also 
Maclurea Logani and other forms which are found in the Trenton 
Limestone of Canada, but are unknown in any English rocks. 

The succeeding Ardmillan Series consists of shales, flags and 
sandstones, divided into four groups, which contain fossils of Bala 
age and also graptolites of the Hartfell group of the Moffat area. 

In the Moffat area the Ordovician, so far as known, is divided 
into a lower, or Glenkiln, group, which corresponds with the upper 
part of the Llandeilo ; and an upper, or Hartfell, group, which 
represents the Bala beds of Wales ; and the following graptolite 
zones are here recognised : — 

f jT f B b* Zone of Dicdlograptus anceps. 

Hartfell ^^^' IB b* Barren Mudstones. 



Shales. | 

\ Lower. 



Ba' Zone of Pteurograptus linearis. 
B a* „ Dicranograptus Clingani. 
.Ba' „ Climacograptus WiUoni. 
Glenkiln f Upper. A b Didymograptua beds. 
Shales. I Lower. A a Unfossiliferous ribbed Mudstones. 



These correspond closely with those established by TuUberg in 
Scania. 
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The following table shows the relations of the Ordovician rocks 
of the areas described to one another : — 
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In the North op Scotland the examination of the beds is not 
yet completed ; and some of the rocks which were formerly sup- 
posed to be Ordovician, such as the Serpulite Grit, have now been 
shown to belong to the Olenellus zone of the Cambrian. A re- 
markable group of limestones and dolomites found in Durness and 
Eriboll contains numerous Ordovician forms, many of which, like 
those of the Stinchar Limestone in the south, are well-known 
American forms, unknown in England. 

In Ireland no rocks of Arenig age have yet been recognised. 
The beds of Llandeilo age are known as the Dark Shale Series, 
and those of Bala age as the Ballymoney Series. 

Scandinavia. — Here also Ordovician rocks occupy a consider- 
able area ; in Sweden, especially in Scania, Westrogothia and 
Ostrogothia, Dalecarlia and Jutland, Oeland and Bomholm : in 
Norway, especially in the south, in the neighbourhood of Chris- 
tiania and Porsgrund, and further north in the region of the 
Mjosen See and in the Trondhjem Stift, where they are in part 
strongly metamorphosed. In Sweden the Ordovician and also the 
Silurian beds are everywhere very slightly disturbed ; and over 
large tracts in the south they still lie almost horizontally. There 
also the whole succession is as complete as it is in England, but 
the various members are not in such close and immediate con- 
nection, and therefore the determination of the relation of the 
deposits of the various regions of Sweden is a matter of much 
greater diflSculty. The works devoted to the Scandinavian Ordo- 
vician and Silurian formations reach back to the time of Linnaeus. 
After him Wahlenberg, Dalman and Hisinger added to our know- 
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ledge, and in later times Angelin,^ Ejerulf,^ and recently espe- 
cially Linnarsson,'* Br5gger,* TuUberg,* Johnstrup, Tomquist, and 

others. 

According to Angelin, Linnarsson, and later writers the Ordo- 

vician rocks of Scandinavia may be classified as follows : — 

Brachiopod schists. 
Trinuclens schists and Limestone. 

Chasmops Limestone, Beyrichia Limestone, Cystidean Lime- 
stone, and Middle Graptolite shales. 

Orthoceras Limestone and Lower Gb*aptolite shales. 
Ceratopyge Limestone. 

The Ceratopyge Limestone is a thin series of beds which, 
like the English Tremadoc and the Russian Glauconite sand, con- 
tains a mixture of Cambrian {DicellocephaluSj AgnostuSj Obolus, 
etc.) and predominant Silurian {Niobe, Si/mphyswnis, A^nphion, 
Ckeirunis) forms. 

The Lower Graptolite or Phyllograptus Shales of 
Westrogothia and South Norway are characterized by the pre- 
;sence of Phyllograptus (VI. 4), Dichograptus^ and DidymograptuSy 
and according to Tullberg represent the English Skiddaw Slates. 
They are closely connected with the most important and constant 
-division of the Scandinavian Lower Silurian, the Orthoceras 
Limestone, a grey or red, platy nodular limestone, which owes 
its name to the occurrence of numerous large Orthoceratites — 
-especially those with thick marginal syphon (sub-genus Endoceras 
[IV. 2]). In this limestone, along with various species of Endo- 
4^€ra8 {E, commwne^ E. ditplax^ E, vaginatum)j there occur the 
remarkable Ordovician genus TJtuites {L.lituus [IV. 1], L, anti- 
quissimuB\ some gasteropods {PUntrotomaria IRapJiistama] qual- 
tcriata [IV. 4]), as well as trilobites of the genera Aaaphtcs {A. 
^xpansus [III. 1], A, platyurus) lUcenus (I. crassicauda^ I, chiron^ 
I. oblongatus [HE. 2]), and Megalaspis {M, limbata, M. planilim- 
hata\ whilst brachiopods are rare. 

In Scania these beds are followed by the Middle Graptolite 
Shales (with Didymograptvs [VI. 3], Diplograptus, Clbnaco- 

* " PalsBontologia Scandiuavica " (1854). — " Fragmenta Silurica (1880). 
3 " Udfligt over sydlige Norges Geologi " (1879). 

' Om VestergOtlands cambrisca och siluriska aflagringar. ^^Svenska 
Vetenskaps Akad.,^' viii., No. 2. 

* " Die Siluretagen 2 tind 8 im Kristianiagebiete " (1882). 

* " Sk&nes Graptoliter" (1882).— ^eito. deutsch. geoi, Qes, (1883), p. 223. 
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graptu8\ which were clearly formed in a deeper sea, and which, 
according to Tullberg, represent the English Llandeilo and 
Caradoc. In Dalecarlia the Orthoceras Limestone is succeeded by 
the Cystidean or Echinosphaerites Limestone, so called 
from the numbers of the globular shells of Echinoaphcerites a?*- 
rantium (V. 7), and other GjBtideans that are contained in it. 
Besides these, various brachiopods (especially Orthia calligrdmma 
[V. 2], PUUystrophia lynx [V. 3], Porambonites [IV. 6], Orthisina 
[V. 1]), some trilobites and a few other fossils are found. In 
Westrogothia this position is occupied by the Beyrichia Lime- 
stone and in the Ghristiania area by the Chasmops Limestone. 
The latter is especially characterized by the genus Chasmops (III. 
6) of the Phacopidse (type species, C. inacrourus and C, conicoph- 
thalmus). 

Above these various limestones come the Trinucleus Shales, 
which are found throughout Scandinavia, and are characterized 
by the great development of the genus Trinticleus (III. 3) {7\ 
seticomis, etc.). In Westrogothia and Ostrogothia and also in 
Scania they are succeeded by the Lower Brachiopod Shales^ 
which are characterized by an abundant Trilobite faima {Trinu- 
cleus , StaurocephaluSy AmpyXy AgnoshtSj Calymcne Blumenbaclii 

[?])• 

The Ordovician rocks of Scania are divided by Tullberg into> 
three stages, and each of these into a number of zones, as foUows- 
(in descending order) : — 

D. Upper Stage. Chiefly trilobite shales. 

(o) Cliraacograiytus scalaris, (b) Pliocqps mucronata^ (c) Staurocephalits d/tvi- 
from J (d) Marl slate without fossils, («) Niobe lata and Dicdlograptus corn- 
pl^natuSj if) Diplograptus pristis^ (g) Diplograptus quadrimucronaUts^ (h) 
Shales with fragments of Trinucleus and Ampyx^ (t) Calymene dilatata, {k} 
Shales without fossils. 

£. Middle Stage. Middle Graptolite Shales of Linnarsson. 

(a) Climacograptus rugosus^ (b) Cliinacograptus stgloideua^ (c) Shales, (d) 
Trinucleu9 coscinorhinusy («) Dicranograptus Clingani^ (/) Climacograptus- 
Vasoe, (g) Unfossiliferous Shales, (/<) Coenograptus gracilis^ (i) Phosphate- 
Limestone, {k) Diplograptus putillus^ (I) Olossograptus sp.^ (m) Gymnograptuf 
Linnarssonif («) Olossograptus Hincksii^ (o) Didgmograptus MurcJiisoni, 

F. Lower Stage. 

(o) Phyllograplus typus, (b) Orthoceras Limestone, (c) Tetragraptus, {d} 
Ceratopyge Limestone. 

Russia.— In no part of Europe do the Ordovician and Silurian 
rocks occupy so wide an area as in Russia, where they are developed 
on the coast of the Gulf of Finland, and also in the valley of th& 
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Dniester.^ In these two areas, the beds are still horizontal and 
of loose texture ; and the latter character is correctly attributed 
to the fact that since their formation they have never been 
covered by younger deposits, nor noticeably disturbed.* 

In the Baltic Provinces the Ordovician beds form a broad belt 
stretching from the Ladoga Sea through the Government of St. 
Petersburg and the whole of Esthonia and Livonia to the Islands 
of Dago and Oesel, where indeed they are to a great extent super- 
ficially covered by alluvium. The grouping and the fossil con- 
tents of these rocks, which in general are very like those of 
Scandinavia (especially of the Islands of Gotland and Oeland), 
have been known through the works of numerous older authors^ 
such as V. Eichwald, Pander, v. Helmersen, v. Schrenk, Grewingk^ 
and others ; but still more through the researches of Fr. Schmidt.'^ 

Schmidt subdivides the Ordovician of the Baltic as follows : — 



Borkholm beds 

liyckholni „ 
w tfJMju pcr^  ••■ ••• ■•■ ••• 

%3 w TV V ■• ••• ••• ••• ••• 

Itfer and Kucker 

Echinosphserites Limestone 

Vaginatus and Glauconite Limestone 
Glauconite- (Green-) sand 

The lowest division, the GlauconiteSand, which rests directly 
on the Cambrian, is only a few feet thick, and corresponds in 
position with the Swedish Ceratopyge Limestone (= English 
Tremadoc). But it contains few fossils (LingtdeUa cf, Davisiiy 
Obolus, and the Annelid jaws, described by Pander as " Conodonts -^). 
This is followed by the chief division of the Baltic Ordovician, 
the Vaginatus Limestone, which agrees in every way with 
the Scandinavian Orthoceras Limestone, and contains numerous- 
large Orthoceratites, of the group Endoceras ( = Vagiiiati), many 
Asaphidae, etc. The so-called Glauconite Limestone repre- 
sents the lowest zone of the Swedish Orthoceras Limestone (recog- 

* Only Silurian rocks are found in the valley of the Dniester ; the Ordo- 
vician is not exposed. 

' " The Geology of Bussia and the Ural Mountains," by Murchison, d& 
Yemeuil and Count Keyserling (1845), is still very valuable for these rocks. 

» "Silur. Form. v. Ehstland, Nord-Livland u. Oesel" (1858). Quart. 
Jcum, Gecl. Soc,^ xxxviii. p. 514. "Bevision der ostbaltischen Silur- 
Trilobiten," Mem, Acad, St. Petersburg (1881, 1885, 1886, etc.). 
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nised by Megdlaspis planiUmhata). So also the Echino- 
.sphaerites Limestone is simply a repetition of the equivalent 
Swedish rock, whilst the sacceeding divisions of the Ordovician 
are characterized by the great development of the Fhacopid genus 
'Chasniops {C, Odini [III. ()], very close to the Scandinavian 
C conicophthalmuSy C. nuicrourits, C btccculenttut, C. Wesen- 
bergensis, etc.), numerous species of Lichas, CheirurtiSj and other 
genera of trilobites, species of Orthis, Orthisi'na (V. 1), Porambo- 
nites (IV. 6), and other brachiopods, various gasteropods, cephalo- 
pods, etc. 

The Ordovician rocks of all the areas so far described are essen- 
tially similar in development, and those of Scandinavia and 
Russia show a close and detailed agreement. As we pass from 
west to east the deposits become less sandy and shaly and more 
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Fio. 12.— Diagrammatic section through the Lower PalaMzoio Rocks of Bohemia 

(Fr. Katzer). 
U. ArchSBan. C. Przibram Granwacke. C. Paradoxidea beds and overlying Cambrian. 
Stt 1-4. Ordovician. So 1. Silurian graptolite shales. So 2. Silarian Limestone. D 1-6. 
Devonian (Hercynian=F. H. Barrande). 

calcareous, showing that the sediment was derived from the west ; 
but there is no alteration of type. When we pass into Central 
and Southern Europe, on the other hand, we find a very different 
facies of the Ordovician. Among the Ordovician areas of these 
parts that have come under observation, none of which are so 
extensive as those of Northern Europe, there is not one of such 
importance as Bohemia. 

Bohemia. — In the account of the Bohemian Cambrian, the 
general arrangement of the Old Palaeozoic beds of Central 
Bohemia has already been described ; and the section in Fig. 12 
borrowed from a recent work of Fr. Katzer * will help to make 
matters clearer. 

In the same place the great work of Joachim Barrande has been 
mentioned and his classification described. His thick Stage D, 

'"Das ttltei'o PalAozoicnm MittelbOhmens " (188-1). "Geologie von 
BOhmen " (1892). 
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following on the Cambrian (Barrande's Stages B and C) is the 
Ordovician, Barrande's Second (Silurian) Fauna. 

If, with Katzer, we separate the deepest layers of Stage D as 
Uppermost Cambrian, and leave out of consideration the green- 
stone and porph3rry layers which are so abundant in the Ordovician; 
the Bohemian Ordovician may be classified as follows : — 

Dd^. Schists with beds of quartzite. Agnosttu tardus, jEgilina, Calymene 
Blumenbachi, Ampyx Portlocki, Cheirums, RenvopUurides^ Diplograptua^ 
ZHcellograptus, etc. 

Dd^, Dd'. Dark, micaceous schists and sandstones. Trinucleu9 Oold/ussi, 
T. omatuij A'Jglina rediviva, Cheirurut daviger, etc., DadnianUea^ lllcmus, 
Asaphus, Nueula, Ortkis, Cystidea, etc. 

Dd'. Quartzite Sandstone with Asaphua ingena, Dedmanitea aocialia, 
Acidaaxda Buchii, lUcenua, Trinudeua, FUtcoparia, etc. 

Dd'j. Black platy schists with flint nodules, containing Placoparia 
Zippeiy Ogygia, lUasnua^ DcdnianiUa^ JEglina, liiheiria, Orthia, Didymo- 
jjrapiua. 

The difference between the Ordovician of Bohemia and that of 
North Europe consists not only in the absence of the Orthoceras 
Limestone in Bohemia, but above all in the strikingly small 
number of species common with the northern part of Europe. 
The agreement of England and Scandinavia with the Baltic area, 
iind even with North America, is in this respect much closer than 
that of Bohemia with any of these regions. Under these circum- 
stances it is difiScult to attempt any accurate correlation of the 
single subdivisions of the Bohemian Ordovician with those of North 
Europe and England. To the small number of the divisions with 
which this is possible belong the lower parts of Dd^, the Kraluv- 
Dvur-Schists of Kreici, the trilobites of which, according to 
Linnarsson, show a close connection with the Swedish Trinucleus 
Shales. ^ 

The so-called Colonies of Barrande here require a short notice. 
Barrande understood by this term the sudden appearance, observed 
by him at several points, of a younger fauna in the midst of rocks 
of an older series, especially the appearance of the fauna of E 
((Silurian) between beds of D. He explained this circumstance by 
supposing that whilst the beds of D were being formed, the E 
fauna, already developed in some other place, wandered for a time 
into the Bohemian Sea, and here lived locally with the D fauna, — a 
view which he defended with the greatest perseverance against all 
opponents. The Colonies, however, may be very simply explained 

» Zeita, d. deutacJi. geol, Gea, (1873), p. 684. 
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by disturbances, by which later beds have locally been brought 
down to the level of older rocks. They have been let in by 
trough-like sinkings of the beds auch as have long been familiar 
to German, Scandinavian, and English Geologists. The proof 
brought forward by TuUberg that in the Colonies the various- 
graptolite zones lie on one another in their regular succession and 
in the same kinds of rocks as in the neighbouring beds of Ee^, 
allow us to throw aside the last doubts as to the correctness of 
this interpretation. 

It is remarkable that the Ordovician rocks as devel- 
oped in the rest of Europe are more or less closely re- 
lated to the Bohemian and not to the Northern facies. 

Germany. — This may be seen in the only tolerably extensive 
area of Ordovician rocks known in Germany, in the district of 
Thuringia and the Fichtelgebirge. According to the observations- 
of R. Richter, Gumbel, and Liebe, the Ordovician of this area, 
which lies conformably on the Cambrian, maybe divided asfoUows^ 
in descending order:- 

Unfossiliferous, somewhat calcareous slates, weathering yellow (Leder- 
schiefer). 

Thick, partly slaty, often splintery, schists (Griffehchiefer) with large- 
species of AsaphuSf Ogf/ffia, etc. Interbedded with these occur local quarfc- 
zites, and, near the base, oolitic ironstone, with OrthiSj cf, Lindstroemt 
(the so-called Thuringit zone). 

We must also refer to the Ordovician the trilobite beds, already 
mentioned, of Leimitz near Hof, with Olcnus, Agnostus, Niobe, 
Symphysunis, Amphion^ CheiniiniSj Lichas, Lingula^ Orfhis, etc.,. 
which seem to be the equivalent of the Swedish Ceratopyge 
Limestone and the English Tremadoc. 

In the Harz true Ordovician and Silurian are as little developed 
as in the Rhenish Mountains. In the mountains of South Germany 
they are absent ; and generally speaking they occur elsewhere* 
in Germany only at a few points in Saxony and Silesia, where,, 
especially at Silberberg, Lauban, and Schonau, graptolite shales- 
are found. 

Belgium. — In Western Europe Ordovician rocks have been 
found in Belgium, both in Brabant (Grand-Manil near Gembloux)^ 
and in the so-called Condroz ridge, a long narrow belt of old rocks 
stretching past Huy, Namur and Charleroi on the south side of 
the Meuse and Sambre. They are divided by Gosselet into two* 
groups, a lower, or Llanddlien^ and an upper, ovCaradocicii, The 



B. — ORDOVICIAN SYSTEM. 61 

former contains no fossils ; while the latter contains a large num- 
ber of Caradoc or Bala forms {Ccdymeiie, Trintideua, Orthis calli' 
gramma^ 0. ActonicG graptolites, etc.)- 

France. — In France Ordovician rocks occur chiefly in the north- 
western part of the country, in Normandy and Brittany, but are 
«lso found in the south, at the southern border of the French 
Centralmassif and in the Pyrenees. The following arrangement 
specially referring to the neighbourhood of Brest, may be con- 
sidered typical of the Ordovician in these regions : — 

'Limestone of Bosan with Orthis Actonicn and O. testuditiaria, etc. 
Sandstone of May (unknown near Brest, but found in Calvados, etc.) 

with Trinudeuti Gcldfassi, Dalnianites Phillipsi, etc. 
Slatesof Angers, with Cahjniene Trittani, Illcentu fjiganteus, Acidaapis 

Buchii, Placoparia Toumemineiy Aaaphua, Ogygia, etc (=the English 

Llanvim). 
Armorican Grit, with worm holes, tracks, Linyula^ Aaaphus armori- 

canuSj etc 

Spain. — A quartzite with bilobites is found in various places, 
•especially in Ciudad Beal ; and this is succeeded by slates contain- 
ing Calyniene Tristanij Ogygia glahrata and other Ordovician 
forms. Below the quartzite there are in places graptolite slates 
•corresponding with the English Skiddaw. 

In Asturias the succession is very similar, and M. Barrois groups 
ihe Ordovician thus : — 



' Calcareous slates of El Homo with Endocercts duplex. 
Hoofing slates of Luarca with Calymene Tristani, 
,Bed of iron ore. 

{Sandstone of Cabo Busto with Scolithea and bilobites. 
Variegated sandstones, conglomerates and slates. 



= Angers Slates 
of France. 

= Armorican S. 
of France. 



Ordovician rocks are also found in Portugal and Sardinia, of 
-essentially the same type as those of France and Spain. Every- 
where in Southern Europe we find species identical with, or closely 
allied to, Bohemian forms ; but very few species from the Ordovi- 
cian of Northern Europe. This has been explained by supposing 
that the seas of the two regions were separated in Ordovician times 
by a ridge of dry land. In Sardinia the beds consist of schists 
with black limestones containing Orthoceras ; and these are followed 
by a white unfossiliferous limestone of uncertain age (calcaire 
metallifere). 

The Ordovician, and also the Silurian, rocks which 
are as yet known out of Europe, are related not sa 
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much to those of Bohemia as to those of North 
Europe; for which reason the latter may be considered 
the normal faoies, whilst the Bohemian rocks represent 
a relatively local development. 

This is clearly brought out by an examination of the most im- 
portant and best known of the extra-European Ordovician regions, 
namely, that of North America. Ordovician and Silurian rocka 
here occupy a large part of the extensive region between the Alle- 
ghany range and the Mississippi, and also extend in Canada far 
beyond the Arctic circle. They have been longest known and best 
studied in the State of New York, where, as on the coast of the 
Baltic Sea, they lie nearly horizontal, and rest conformably on the 
Cambrian Potsdam Sandstone. James Hall has done more than 
any other American geologist for our knowledge of the North 
American Ordovician and Silurian, in his " Palaeontology of New 
York," a monograph surpassed in extent only by Barrande's well- 
known work. This work was begun in 1847, but is not yet 
brought to a conclusion, and the first three volumes treat of the 
organic contents of the Cambro-Silurian beds. According to him 
and other observers the Ordovician rocks of the region in question 
may be classified as follows : — 

Hudson Biver, or T Slates and sandstones with Graptolites (Z>t- 
Cincinnati group, -! cranograptusy Climacograpius)^ Trilobites^ 
and Utica group. I Brachiopods, etc. 

'Thick dark Limestone with large spocies of 
Asaphus, Bathyuruiy IllanuSy Cheirurwt 
Ccdymene^ Chasmops^ Trinucleus concetUrieiiSy 
Platy9irophia lynx, OrthU testttdinaria, Lep- 
tcena, Strophomena, Gasteropoda, Cephalo- 
poda, etc. 

Ghazv irroun T Limestones and sandstones with Bathf/urus^ 

\ iWa;»«», etc., Brachiopoda, Gasteropoda, etc. 

'Dolomitic calcareous sandstone with BaiJiyu- 
rusj Dicdlocephalusy and other Cambrian 
types, which are, however, accompanied by 
OrihUina^ Conocardium, Madureafirthoceras, 
etc. 



Trenton Limestone, 

Bird^s eye and Black 

Biver groux>. 



Calciferous Sandstone.. 



The Trenton Limestone has long been looked upon as the 
equivalent of the Sca'ndinavian Orthoceras Limestone, and is repre- 
sented in Scotland by the Durness Limestone of the north, and 
the Stinchar or Barr Limestone of the south. The Calciferous- 
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Sandstone, with its mixed fauna, is equivaleut to the English 
Tremadoc Slates and the Scandinavian Ceratopyge Limestone. 

In Eastern Canada, instead of the two lower groups, we find the 
so-called Quebec group, consisting of calcareous and slaty beds 
with a rich graptolite fauna, which has been worked out by J. 
Hall (with Didymograptus^ Phyllograptus^ etc.), and agrees with 
that of the English Arenig. 

Ordovician rocks ^closely resembling those of North Europe 
extend in the Northern Hemisphere to the immediate neighbour- 
hood of the Pole ; and are found also in the Southern Hemisphere 
in Australia. 

The following comparative table shows the relations of the 
Ordovician rocks of the most important areas : — 



COMPARATIVB TaBLE OF THE OrDOVICIAK SvSTEM IK VARIOUS AREAS. 
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C. SILURIAJT SYSTEM. 

British Isles. — Silurian rocks are found over a large part of Wales, 
a.nd in some of the neighbouring counties of England ; and occupj a 
■considerable area in the Lake District. In Scotland they are found 
chiefly in the South and in the Northern Highlands ; while in Ire- 
land they are known only in the extreme west, and in the counties 
of Down and Dublin. 

In the typical area of Wales they are divided as follows : — 

Ledbury Shales. 't Passage 
Do\iiiton Sandstone, f beds. 
Clunian ] Upper Ludlow b^s 
(Downtonian). ^ "^eliding the Bone-bed. 
^ VAymestry Limestone. 

Wenlock T Lower Ludlow beds, 
or -! Wenlock Limestone. 

Salopian. I Wenlock Shale and Woolhope Limestone. 

Llandovery rTarannon Shales. 

or -j May Hill Sandstones Upper Llandovery. 

Valentian. I Lower Llandovery beds. 

TheMay Hill or Llandovery beds consist of 1,000-2,000 feet 
'o£ strong conglomerate, sandstone, and grauwacke, which are distin- 
guished palseontologically by the occurrence (characteristic of this 
horizon in other areas also), of large species of Pentamcrus {Penta- 
mcrus oblonguSj P. [Stricklaiidinia] lens, etc.), and spiral-bearing 
%rachiopods {Atrypa, with the type species A. reticularis [X. 4], 
Meristella). Moreover we find here for the first time many of the 
characteristic Silurian trilobites and corals, such as Enerimtncs 
punctatus (VII. 5), Calymene Blunienbachi (VII. 3), Halysites 
'Catcnularia (X. 9), Heliolites intcrstincta, etc. Of especial interest 
also is the first appearance of the crustacean genus Eurypteras 
.( Vin. 1). Closely united with these beds are the purple red and 
green Tarannon shales, reaching 1,500 feet in thickness, which 
contain especially graptolites, and among them parti«ularly the 
genera Rastritcs and Monograptus, 

The next series, the Wenlock or Salopian, the chief of the 
Silurian divisions, usually consists in its lowest parts of marl 
slates, and interbedded lenticular masses of carbonate of lime. 
At the base is a remarkably constant zone, characterized by Cyrto- 
graptus Murchisoni, Towards the upper part of the series the 
limestone itfcreases in amount, and locally massive accumulations 
of corals in the form of coral reefs, occur ; whilst elsewhere in the 
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tnarly intermediate beds numerous well preserved trilobites, 
brachiopods, cephalopods, gasteropods, crinoids, etc., are imbedded 
which have made the Wenlock limestone at many places — ^among 
which Dudley may be especially jnentioned — one of the chief hunt- 
ing grounds for Silurian fossils. Among the especially character- 
istic species are Ualysites catentdaria (X. 9), Heliolites intcrstincta^ 
Favosites gqUandica (X. 8), among the corals; Actinocrirms 
jyulclier^ Crotalocnntis rugostts, Cyathocrinus pyrifarmis, among 
the crinoids ; Encrinurtis variolaris, Calymene Blunieiibachi (VII, 
3), Lichas anglicus, Acaste Dowiiingice^ Dalmanites cattdatus, 
Pro^tv^ Stokesii, Sphcerexochus mirus among the trilobites ; Stro^ 
pJwniena ctiglypha^ Leptama transversalis (IX. 6), Pentamerus 
galeatus^ Orthis eleganttda (IX. 4), Atrypa reticularis (X. 4), Meri- 
.Stella tumida (X. 5), Spirifer elevatus and S, pUcatcUus (X. 7), 
Rhynchonella Wilsoni (IX. 3), R. horealis (X. 1), and Chonetes 
Mriatella (IX. 5), among the brachiopods ; Orthoceras annidatuni 
-(V^n. 3), and Phragmoceras ventricosum among the Cephalopoda. 
The genus Stromatopora^ belonging to the Hydrocorallinae, and 
1)uilt up of numerous thin, undulating, concentric layers of carbo- 
jiate of lime, is abundant in the reefs. 

The Lower Ludlow Shales, which succeed the Wenlock 
Limestone, consist of greenish grey, micaceous sandy shale, and 
•cannot be separated from the Wenlock Shale. They are therefore 
placed in the Salopian, and tlie line between this and the succeed- 
ing Clunian group is drawn at the base of Leintwardine Flags, 
which consist of thick earthy flagstones underlying the Aymestry 
Limestone. The Upper Ludlow Beds are formed at the base 
•of micaceous argillaceous sandy beds, which include the so-called 
Bone Bed — a remarkable bed reaching a foot in thickness, made 
vup almost entirely of flsh and Crustacea, especially scales and teeth. 

This is followed by some 100 feet of reddish or yellowish 
Sandstone, known as the Downton Sandstone; and lastly above 
-this comes over 300 feet of greyish or reddish marly sandy shales, 
the Ledbury Shales, which form the uppermost division of the 
Silurian and pass up quite gradually into the Old Red Sandstone. 
On account of this gradual passage the two uppermost divisions 
have been called Passage beds. Murchison employed for them 
ihe name Tilestone. 

Palseontologically the Ludlow rocks on the whole are commonly 
Tery closely related to the Wenlock ; most of the molluscs, many 
of the trilobites and other fossils are common to the two formations 
c. G. F 
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and only a few forms such as Cardicla iivterrupta (IX. 2), Pen- 
tamerus Knighti (X. 3), are, if not entirely limited to the upper 
beds, at least chiefly found in them. A special pecularity of the 
Ludlow is the appearance, even in the lowest beds, of numerous 
Eurypterids (especially Eurypterus [VIII. 1], and Pterygotus — 
forms which become very abundant in the Old Bed Sandstone) — and 
the peculiar Gephalaspidee (CepJtalaspis, Scaphaspis, PtcraspiSy 
etc.), the oldest of British fishes. 

. In the Lake District, the Silurian, like the Ordovician, rocks 
are the graptolitic equivalents of those of Wales, and may be 
classified as follows : — 

Clunian .. 



Salopian 



Kirkby Moor Flags. 

Bannisdale Slates. 

Goniston Grits. 

Coniston Flags. \ Coldwell Beds. 
^ / Brathay Flags. 

Valentian [ ^^'^.V^^' \ Stockdale Shales. 
I Skellgill Beds. J 

At the base there is usually a conglomerate with Meristella crassa^ 
This is succeeded by the Stockdale Shales, which are chiefly 
graptolitic mudstones, and in which the following zones have been 
recognised : — * 



Upper 
Lower 



}i 



BBOWOILL BBDS. 

Barren. 
2. MonograptuB crUpus. 



Monograptits turricidatus. 



Upper 



Middle 



SKBLOILL BBDS. 

5. HcutriUB maximus. 

4. Acideupis erinaceus. 

8. Mottograptjts spinigerus, 
2. Ampyx alariensis, 

1. MonograplfUS Clingani. 

5. Monograptus conwduttts, 
4. Phacopa glaber. 

8. Monograptu8 argenteus. 

2. JEncrinurua punctatu^ 
1. Monograpttia fimhricUu8. 



Lower 



r 

\ 

f 2. Dimorphograptua conferius, 
\ 1. Diplograptus acumincUus. 



Monograplu9 

gregarius 
throughout. 



The Salopian forms a series of flags and grits closely resem- 
bling the Denbighshire Grits and Flags of North Wales. At the 

* Marr & Nicholson, Quart. Jaurn. Ged, Soc,, xliv. p. 654. 
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base are the Brathay Elags, which since they contain Cyrto* 
graptus Murchisoni (also Monograptus priodan, etc.)t clearly 
represent the Cyrtograptus zone of Wales, etc. These are followed 
by the Coldwell Flags and Grits, which contain the im- 
portant Cardiola interrupta and many others. The Goniston 
Grits and the Bannisdale Slates are not very fossiliferous ; 
bat the latter has yielded RhyncTionella navicvla^ Acaste Doicn- 
ingice, etc. 

Lastly the Glunian is represented by grey calcareous flags 
and grits, the Kirk by Moor Flags, which contain numerons 
fossils, of which the commonest are Holopella gregaria and 
JT, conica. 

The Silurian rocks of the South of Scotland have been ex- 
amined in detail only near Girvan and Moffat. 

In the Girvan area the group is divided by Prof. Lapworth into 
a lower, Newlands, and an upper, Dailly Series. 

These are subdivided as follows : — 



{ 
{ 



Straiton Group. 
Bailly Series •{ Bargany ,, 

Penkill „ 

Camiegan ,, 
Newlands Series \ Saugh Hill „ 

Mnlloch HUl ,, 



The whole commences with a conglomerate. The most impor- 
tant member of the Mulloch Hill group is a sandstone containing 
Meristella angusti/rons. In the Saugh Hill group is the Woodland 
limestone with StricJdandinia lens, followed by shales and grits, 
with Monograptus Sedgunckii in the upper part; while the' 
Gamregan group contains grits with JRhynchonellaj limestone with 
Pentamertts oblongus, and shales with Raatritcs maximus. All 
these are clearly Valentian. 

The Penkill group consists of shales and grits with Monograptus- 
exigutis, M, priodon, and Cyrtograptus Grayce^ and represents the 
Tarannon Shales of Wales. 

The succeeding Bargany and Straiton groups consist of flags, 
shales, and mudstones, with (upper part of the Straiton group> 
grits and conglomerates above. They contain Monograptus acuSy 
M, vomerinus, Cardiola fibrosa and Beyrichia J^oedeni; and are 
of Salopian age. 

In the Moffat area the Lower Valentian is represented by the 
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BIrkhill Shales of Lapworth, which contain the following zones of 
Oraptolites: — » , 

f Gb' Zone of Rastriles mcucimus. 
Upper -j Cb' „ Monograptus $pinigerue. 

Birkhill -! ^^* " JHplograptus conieta, 

C Ca' „ Manograptus gregarius. 

Lower \ ^^* n Diplograptus veaiculosus, 

\ Ca^ „ Dipiograptus cicumincUus, 



These are succeeded by a thick series of flags and shales with 
Monograpttis priodon, M, Sedgxcickii^ Cyrtograptus Grayae^ known 
as the Gala or Qneensberry Beds, which correspond on the whole 
with the Penkill group of the Girvan area. 

At Lesmahagow in Lanarkshire beds ol Down ton ian age have 
been found, which contain large Crustacea, together with Platy 
schisma TielicoideSj Ceratiocaris, Tentaculites, etc. 

In Ireland the Silurian rocks have not yet been thoroughly 
examined and compared ; but in the west at least, the whole series 
is represented. There they appear to be shore deposits, and they 
also differ from those of Britain in containing volcanic rocks. 

Scandinavia.— The Silurian is represented in Sweden especi- 
ally by the Gotland Limestone, a thick and fossiliferous series 
of limestones, niarls and sandstones, the constitution and organic 
contents of which have been made known chiefly by the works of 
Tr. Schmidt ^ and Lindstrom. ^ The fauna, already numbering 
1,000 species, is very varied, containing typical Silurian species of 
corals, crinoids, bryozoa, brachiopods, gasteropods, cephalopods, 
Jamellibranchs and trilobites, which for the most part agree with 
those of the Wenlock Limestone of England, With regard to the 
sequence of individual subdivisions and their correlation with those 
of the English and Baltic Silurian, geologists are not yet quite 
unanimous. But this much appears certain, that the uppermost 
Limestone and Sandstone represent the English Ludlow, and the 
main mass of the series, underlying these, represents the Wenlock 
Limestone; whilst other calcareous marls (with Stricklandinia 
lenSj etc.) developed near the town of Wisby, perhaps correspond 
with the May Hill beds. Limestones of the same age rich in 
Pentamerus are also known at various places in Norway. 

In Ost- and Westrogothia, Dalecarlia and Scania the Silurian is 
represented by the Upper Graptolite Shales (now divided 

» " Archiv ftir Naturkunde Li v.-, Ehst.- u. Kurlands (1859)." 

a *» Neues Jahrb., (1888)" I. »* Silurian Gastropoda of Gotland (1884)," etc; 



* 
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into a lower or Rastrites^ and an tipper or CyrtograptuSj stage) ; 
and the sneceeding Cardiola Shales with. Cardiola interrupta, 
Monograptus and other Ludlow forms. The latter are locally 
replaced by certain light red sandstones with grey limestones and 
marl slates (Bjersjolagdrd-Oveds Beds) with Beyrichia 
Kloedenij Grammysia cingulata and other typical Upper Ludlow 
forms. ' 

In Scania these rocks are divided by Tullberg into the following stages 
and zones : — 

A. Upper Stage. 

Al. — BjersjOlag&rd-Oveds Beds (= Cardiola Shales in part.), (o) Oveds 
Sandstone, (6) Klinta Limestone and Shale, (c) Karrstorp Sandstone, {d) 
Bjersjolag&rd Limestone and Shales. 

A2. — Cardiola Shales. 

B. Middle Stage. Cyrtograpitus Beds. 

(o) Cyrtoffraptus Carruthersi^ (6) C. rigidua^ (c) Monograptus Biccartonewns 

(d) Cyrtograpius Murchisoni, (e) C. Laptcorthi, (/) C. (?) spiralis, (g) C 
Ch'ayce, 

C. Lower Stage. Bastrites Sl^ales. 

(o) Monograptus rutwinatusj (b) Unfossiliferous (=Iiastrites tnaximus none), 

(e) CepJialograptus cometa, (d) Monograptus leptotheca, (e) M. gregariua^ (/) 
M. cf/pfiuSj (g) Diplograptus acuminatus. 

Sandstones similar to the Oveds 'Sandstone, but unfossiliferous, 
are developed in Norway in the uppermost Silurian. 

The Lep toe na Limestone of Dalecarlia is a peculiar formation 
and its position is still uncertain. By some it is considered to be 
approximately an equivalent of the May Hill Series ; by others it 
is referred to the Ordovician. 

Russia. — Silurian rocks occur- in the Baltic Provinces, and in 
the valley of the Dniester. 
In the Baltic Provinces Schmidt classifies as follows : — 

Schmidt*s Terms. 

Later. Older. 

^ Upper Oesel Group K ... Zone 8 

Lower Oesel Group J ... ., 7 

(Estonus bed ... K ... „ ti 

Baikal! Schist G* ... „ 5 
Borealis band... G* ^ 

Jorden Schist... Q^ ( " 



5) 



The Silurian begins, as in England, with a group of beds char- 
acterized by the abundance of large smooth Pentameri (P. borealis 
at the base, and then P. esthonvs^ very like, if not identical with, 
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the English P. oblongus), with which appear at the same] time spiral- 
bearing brachiopods such as Spirifer plicatellua (X. 7), Atrypa 
reticularis (X. 4), and various corals, etc. The Lower Oesel 
Zone is partly made up of very thick coral beds and contains 
numerous trilobites (Calymene Blumenbachi [VII. 3], Encrinurus 
punctatus [VII. 5], ProHtics concinntis and brachiopods, and is 
compared by Schmidt with the Wenlock Limestone. The Upper 
Oesel Zone, with various brachiopods {Atrypa prunumj Spirifer 
elevatuSj RhynchoneUa nucula^ Chonetes striateUa [IX. 5], etc., 
Acephala (Pterinca retrofiexa^ etc.), Ostracoda (Beyrichia tuber- 
culata [VII. 6], TentaculiteSj etc., is compared with the Ludlow. 
One of the most important localities for this zone is Rootsiktill on 
the Island of Oesel. Here occur yellow platy dolomite beds which 
contaiA cephalaspid fishes {TJiyestes^ Trcmataspis) and numerous 



Ji^jy^ifeien Oelctnd QotloJid 



' . ' Oe^el jE^stland 



HAHlGIt^ 



Mnn.Uoerduk 




Fig. 13.— Section from Finland throogh the iBlandslof Oesel, Gotland, &nd Oeland to 
Sweden (Fr. Schmidt). G. Granite. C. Cambrian. Su. Ordovician. ^. Silurian. 



large crustaceans {Euryptents [VIII. 1], Pterygotus, etc.), which 
are very similar to those of the Waterlime group at the upper 
limit of the Silurian in North America. These Eurypterus beds 
are overlaid by a fish zone with the fauna of the English Passage 
beds {Onchv^^ Pachylepls^ etc). 

Finally, in the. Dniester region, in Podolia and Galicia, the de- 
velopment according to Schmidt, F. Eomer and others, is quite 
similar to that of the Baltic. Here also, at the top of the series, 
there are found beds with Eurypteridae and Cephalaspidse ; with 
this difference, however, that they pass upwards quite gradually 
into the red Devonian sandstone (Old Red). The beds here are 
exclusively of the age of the English Ludlow. 

It is worthy of note that the Pentamerus beds can be followed 
eastward over a considerable area as far as East Siberia (the 
region of the Lena). 

Bohemia. — The Silurian rocks of Bohemia, like the Ordovician, 
are very different from those of Northern Europe. The Pen- 
tamerus beds which form so striking a feature at the base of tho 
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Silurian in England and Scandinavia, are not foand in Bohemia 
nor is it possible here to distinguish between the Wenlock and 
Ludlow series. In fact the rocks of England and Scandinavia are 
much more like those of the Baltic Provinces, of Podolia and 
Oalicia, and even of North America, than the Bohemian rocks 
are like those of any of these areas. 

Following the usual view that Barrande's Stages, F, O, H, must 
be referred to the Devonian, the Silurian rocka of Bohemia may be 
.divided as follows : — 

E e '. — Thin-bedded, grey, crystalline Limestone, in part schistose, filled 
with all sorts of Cephalopods, Gasteropods, Brachiopods, Trilobites, Corals, 
«tc. (CeUyfiieue Blumenbachi [VII. 8], Sphc&rexochus mirus, Ckeirurus insignis 
[VII. 1], Harper [VII. 4], AcidaapU [VII. 2], Lidiaa, Phacops, Cardida inter- 
rupUk [IX. 2], HdlysUe^ ealenidaria [X. 9], Capulua, Orthocertts boheniicum, 
CyrtocerM [VIII. 6], Ooniphocercu [VIII. 6], Phragnioceras [IX. 1], etc. 

£ e^— Black graptolite schists with impure limestones and diabase tuffs. 
At the base Dipiograpiua still occurs along with MonograpUn (VI. 6-9) ; 
further up, only the latter of these and Cyrtograptus^ Rastritea (VI. 11), 
Metiditea (VI. 10), etc. 

According to Marr and TuUberg the graptolite schists E e^ may 
be divided into a number of zones (according to Marr in the fol- 
lowing order, from below upwards : — (1) Rastrites peregrinus^ (2) 
Monograptus ttirriculatuSj {d)CyrtograpttL8 Murchisoni, (4) Mono- 
graptus colonus) which are repeated in precisely similar order in 
Scania and England. 

Germany.— In the district of Thuringia and the Fichtelgebirge 
the Silurian rocks which overlie the Ordovician already described 
may be divided as follows: — ' 

Upper Graptolite schists with species of Monograptus {colonus, etc). 

Ockerkalk; a light-coloured iron-bearing limestone, which weathere 
iwhrey and contains Cardiola interrupla, OrthocerM^ etc. 

Alum and siliceous schists with Monograptus Halliy M, Beckt, etc., 
JUtidites GeinttzianuSf Dipiograptus. 

Here the graptolitic alum schists at the base — which are corre- 
lated by TSmquist with the Swedish Rastrites beds, by Marr 
with the Stockdale shales of the English Lakes and the CyHo- 
graptvs MurchUoni beds— are clearly the approximate equivalents 
of Barrande's Stage E e* though they contain lower beds than do 
the shales of Bohemia ; and the Ockerkalk of Stage Ee^. 

In the Alps Cardiola interruptaj Ihudina and other Silijrian 
fossils have long been known from Dienten near Werfen in Salz- 
burg. Bat a fuller and more complete development has lately 
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been proved in the Southern Grauwacke zone of the Austrian Alps^ 
in the Karawanken and Steiner Alps (Oarinthia and Camiola), and 
especially in the Carinthian Alps, in the Ostemiggebirge, at Kel- 
lerspitz, in the Wolayer District, etc. According to the valuable 
observations of G. Stache * and others, Graptolite schists are* 
everywhere clearly recognisable with Monograptus^ RastriteSy 
DiplograpttiSj Climacograptus, etc., which may be considered a& 
the approximate equivalents of the Scottish Birkhill Shales. 
These are succeeded by dark or light-coloured (in part red> 
Orthoceras Limestone with many OrthoceraSj Cardiolaceae 
and Trilobites — among the latter Arethuaina Ilatieri, Cheirunisr 
Quenstedti, Cromus Beaumonfi, and other Bohemian species. 
Below the Graptolite Schists already mentioned, the Ordovician is- 
represented bj*" thick clay-, and grauwacke schists with quartzites^ 
in which Strophomena cscpansa, Orfhis calligramma, Poram- 
honitcs^ and a few other fossils are found. We may well conclude^ 
with Stache, that a great part of the so-called Grauwacke zone 
which borders the central chain of the Alps, and consists partly 
of highly crystalline schists, partly also of the usual slates and 
grauwackes, sandstones, limestones, etc., is of Silurian age. 

In France Silurian rocks occur chiefly in the North-west^ 
in Brittany and Normandy. Near Brest, the Ordovician rocks- 
already described are followed by Silurian, which may be grouped 
as follows : — 

Slates with calcareous nodules, containing Cardida interi^tpta^ 
Ortlioceras, Ihudina^ Ceradocaris. 

Alum-bearing, bituminous shales (Schistes amp^litiques) with 
Graptolites {Monograpltis prtodortj Af. colonusj etc.). 

In Southern Europls also, in Spain, Portugal, and Sardinia^ 
the Ordovician rocks w*ith Asaphiis^ Calymeve, etc., are succeeded 
by Graptolite schists and dark nodular limestones with Cardiola 
inte>*rupta, Orthoceras, etc. ; and thus they are very closely related 
to the rocks of France, Germany and Bohemia, and quite different 
from those of Northern Europe. 

The Silurian, like the Ordovician, rocks which are 
known out of Europe, are more nearly related to those 
of Northern Europe than to those of Bohemia. 

 

* Zeits. d. deutscli. geoh Ges» (l88i), p. 277. Compare also Fr. Frecli, ihid. 
(1887), p. 702. 
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In the region of New York in the United States they majr 
be grouped as follows : — 

Waterlime and Onondaga salt group. An almost tmfossiliferoas^ 
series, some 700 feet thick, of variegated marls and sandstones with gypsum 
and rock salt ; succeeded by the Waterlime group, a calcareous formation 
which contains a host of Eurypterids, especially Eurypterus remipes^ to- 
gether with Leperditia and Teniaculites, 

Niagara Limestone. A succession of fossiliferous limestones and 
marl slates of various thicknesses. The Corals {Favontes gotl^ntdica, Helio- 
lUes interstincta^ Holy sites catenutaria^ etc.), Brachiopods (Orthis d^gantuUt^ 
Spiri/er pUcatelluSfUhynchonella cunetUa^ etc.), Trilobites {Elcenus Barriensis,. 
CeUymene Blumenbaclii^ Encrinurus pundatus, etc.), agree in great part speci- 
fically with those of the English Wenlock Limestone. 

The former composed of argillaoeoos slates and 
sandstones, with Pentamerus oUongus, Jlkenus Bar^ 
riensU, Orthis degantula, etc. ; the latter of poorly 
fossiliferous sandstones at the base of which i» 
the New York State lies the Oneida -Gonglo- 
\merate. 



Clinton group and 
Medina Sandstone. 



The Niagara Limestone has long been considered to be the 
equivalent of the Wenlock Limestone; and the Clinton group- 
with Pentamerus oblongus is recognised without difficulty as the 
representative of the English May Hill or Valentian group and 
of the equivalent Russian Pentamerus beds. 

The American geologists include in the Silurian both the 
Lower Helderbergbeds which follow the Waterlime group,, 
and the succeeding Oriskany Sandstone. On thS grounds^ 
however, which will be put forward in the account of the North 
American Devonian, it appears more correct to draw the boundary 
between Silurian and Devonian where Munchison did, as in the 
foregoing table. 

In South Americai Australia, Asia (China), and Africa 
Silurian rocks have been found, and in all these areas they are 
more or less similar to those of Northern Europe. 

m 

PALEONTOLOGY OF THE OEDOVICIAN AND SILURIAN 

SYSTEMS. 

Compared with the Cambrian, the organic life of Ordovician and 
Silurian times shows a very great advance. Besides the twa 
groups of animals which alone occur abundantly in the Cambrian, 
viz. the Trilobites and Brachiopods — both of which play an im- 
portant part in the Ordovico-Siltirian— we find the new and 
important division of the Cephalopoda; and among lower types- 
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'which are almost unrepresented in the Cambrian we get Corals, 
Crinoids, and Oraptolites. The last phase of the Silurian period 
was especially marked by the iirst appearance of fishes in Europe,^ 
which are accompanied by a very remarkable race of large 
Orustacea, the Eurypterids. Lastly it is in these systems that 
we find the oldest Land-plants {Sigillarta^ Lepidodendrorij 
Sphenopkyllum^ in the Cincinnati group of North America), 
Insects {PaUcoblattina in France), and Arachnoidea (Scorpions 
in the upper Silurian of Gotland and Scotland [Lesmahagow]). 

As in the Cambrian, the most characteristic fossils are the Tri^ 
lobites. Unlike those of the Cambrian, most of . them possess well 
•developed (facetted) eyes and a large tail ; and they were able to 
roll themselves up (VII. 3). In the Ordovician the genera Asaphus 
{III. 1) and Mlcenus (III. 2) are especially important and wide- 
:spread, the former being exclusively Ordovician, whilst the latter 
extends into the Silurian. Asaphus has eight, IlUentLS ten thor- 
acic rings ; Asaphus diagonally furrowed, Illasnus smooth, pleura ; 
Asaphus a large tail, furnished with a long axis — and this is still 
more marked in the subgenus Megalaspis — Illmnus a very indis-* 
tinctly marked axis and glabella. Another very important some- 
what younger genus is Trinv^cletis (III. 3), distinguished by its 
long horns and the sieve-like perforated border of the head shield, 
which is without sutures and eyes. Another, exclusively Ordo- 
vician, genus is Chasmops (III. 6) belonging to the Phacopidse, 
with a distinctly granulated shell, glabella widened in front and 
large eyes, but distinguished froih allied forms by the large tri- 
angular lobes on the sides of the glabella. Other genera limited 
to the Ordovician are Ogygia^ Placoparia^ JEglina (III. 4), 
EemopleurtdeSy etc. ^ 

Among the most important genera common to both the Ordo- 
vician and Silurian, are : Dalmanites (III. 5 ; see also XVIII. 5),— 
also a Phacopid, the glabella of which has three strong grooves on 
•each side, and the headshield is produced into long spines and the 
tail usually into- a point — ; Calymene (VII. 3), — head with broad 
oval, much swollen glabella, clearly defined, and divided on each 
side into three globular lobes, small eyes, a raised border to the 
front of the head, etc. — ; Homalonotus^ — large, indistinctly marked 
glabella, and very broad axis, otherwise like Calymene — ; Cheiru- 
Tus (VII. 1),— long, narrow, with very broad head, small eyes, 

* "Walcott has recently described fishes from supposed Ordovician rocka 
in North America. 
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1. Aifphiit Frpaiuu, 
(•oniBirbst mlDcvd). *. j 
Mtcialii, Bkrr, hud-Bhield. 



pLiTi UI.— OrdoTician TrilobitW. 
Wshl. I. /Ibrniu ftloniatvt, Aug. 3. Trinuetfu Cotil/tiHi', 
pKKa, Bkrr. 4i. Tha urns, aolu-gsd. E. Dalmo 
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Pi>iim IV.— OrdOTidm Mollu«co. 

I. I.itiiiiu lilKM, UoDtC. 1. Xiido«r» UmfiuiiiHin, J. Hall (lon^Cndliul Hution). 

3. Jfulkrralsfwtl. SUl. 3i. Ditto, optnalum. 1, I>l<unitoimiTullb9Uil«*a) fiudtoriata, 

SoblMli, 5. Ambntythia btUMriata, ]. H»U. Si. Diuo. IntenitJ Tiaw or riabt Tkln. 

10. PorambmiilH ciniroftrw, Bchlotb. 




. i. Ortliii 





10 



12 



Fun TI.— OrdoTician uxd Sill 
1, Hmlifli(ii»Ri pitropol llano, P«nd. li. Ditto, longitiidiiml eeclioo. J. C'im«(rap(ii» 
«ra«Iu, Hall. S. Didynsfraptut IfuraMumi, Beck. 4. Phv"«9"Pl<» fVP*'- ^ " 
lofrapliu jmlmtiM, B«rr. •. Jfoiio»rBp(in prtoJen, Broun. 
kIohui, Bmt. >. IT. tiHTimiUhu, Burr. 10. btiolitH OsM 
Xiiumt, Barr. 12. ^itylorjwnjrid pranona, Goldf. 



r. NOiMiil, Bkrr. i 
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PkiTi VII.— BiluTIauC^uUUW■' 
l. Clxinirui ti<Ii|)iiili Bsyr. 1, Andaipji Dafrwintyi, Burl S. Cal|miiu BiHInnliuH 
BroDgn. 3i. Tbe wme, rolled up. 4. Harpii ungula, Blernb. G. Encnnnnu pmiiltaliu, 
Xminr. «. Bqr^cMa tsbcrciilala, KIM. 7 and B. Itpirditia Biiinffri, Sdunidt. 
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Pun VIII.— Silnriui CruUacta uid Opbftlopada. 
I. EarnfUna FiicUri, Elcbir. I, finmliiu pUnu, CoTda. 3. Ortluuru MRuUtim, 
«ow. 4. 0. llmidniii, Bmt, E. Cyrtouru Miirchi»ii«, Ban. «. QOlllJ^oM^^u tshimfciiii, 
SwT. Si. Ditto, Mrmiiukl cluunber from kboTe. 
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Pu» IX.-SUurUn Uolluica. 

I ud li. Fkrajaaetrtt Brwlenpi, Bdrr. from in fnml and from ths aida. ' 1. CwiM^ 

fnlfrmptri. Bow. 3. Shirnclwnilla Vi'lMflt, eon-. 4, Orlhii iliganliila. D>lm. S. ClxnwtM 

■iTTotiUo, Dulrn. G. £*pliriui tmnnirKiIu, Dalio. 6i. Ditto, tnnsircrw HciiOD. 7. Stra- 



Plus X.-Silurlan BreohlopodJ *kA Coralii. 
l.KI>|r>'C^*n>Ilabor<iiUi.8ctalDtb. 2. Bhyie'xmtElocuiiHla.D^iB. 3. Pmtamirui KmjMi. 
Bow. 4. ^frvparriieiOnni, Lin. t. Ifinjiclla tKmida. Dmlm. Ii. Ditto. Interior of largo 
t>Its. li. Ditto, binge srem of unaliTalTS from wlthls. 6, Sptrf/ir {Cyrtia) tiftmcbtt, 
T^t,^m. 7. SfirSfn plioolfllui, Lir. 8. ramitn ^tlaKiica, Lin. ». Hatjn'tti catfnutiirid 
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1. Cratatacrinu }n 



Pliii XL— SilDriui CoBlralcnIca. 



uria allmiftrniU, 11. Edw. and H 



\ 
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short pygidium, and pleura ending in spines — ; Acidaspis (VII.' 
2), — a very spiny form, glabella with two longitudinal grooves — ; 
.-Xiiclias, — very broad, especially the axis, glabella with longitudinal 
grooves, pleura pointed — ; Harpes (VII. 4), — head-shield with broad 
perforated border, broad long side spines, oval glabella, and small 
but distinct eyes — ; and Ampyx, — without eyes, the swollen 
glabella produced into a long point. 

Along with these species we find in the Silurian a whole series 
of newer types which give to the Silurian fauna its own peculiar 
stamp. Here belong Phacops {cf. XV. 1, and XIX. 4), Pro^tuSy 
Encrinitrus, Brontevs, SphcerexochuSy Cyphaspis, Arcfhusina, 
and others. Phacops is characterized by a club-shaped, slightly- 
grooved glabella, large crescentic eyes and small tail ; Proeius by 
an oval almost unf urrowed glabella and small eyes ; Encrinurus 
(VIIj- 5) by a broad pear-shaped, strongly granulated glabella, 
small ej'es, triangular many-jointed tail, etc. ; Bronteus (VIII. 2) 
by very much widened glabella, eyes far back and sickle-shiaped, 
quite ungrooved pleura and especially by a large peculiarly shaped 
tail which possesses a very short axis and broad ribs arranged in 
fan-like fashion. 

Among the non-trilobitic Crustacea of the Silurian formation 
the most important and interesting are the large Eurypteridde, 
which begin in the Silurian and reach to the Carboniferous. 
The numerous forms, some more than a yard in length, group 
themselves round the type genus Eurypterus (VIII. 1). All are 
distinguished by a short broad head shield consisting of one 
piece, which bears small compound eyes ; and six pairs of jointed 
limbs, some of 'them armed with pincers. The body, which is 
composed of twelve freely movable segments, and is produced into 
a tail spine, was covered with fine scales. 

The families of the Limulidse (to which the living Livivlus 
polyphemiis [King Crab] belongs) and Hemiaspidce have also been 
traced back as far as the Silurian. To the former belongs the 
genus NeolimuluSj to the latter, Hemicispis, etc. 

Of other Crustacea there remain to be mentioned the Phyllo- 
caridse, with the genus Ceratiocaris and others, and the Cirripedia 
with TurrilepaSj etc. More important than these are certain 
Ostracoda, small forms in which the soft parts of the animal are 
completely enclosed in two horny shells, hinged together at the 
back of the animal. The most widely spread genera are Leper- 
ditia (VII. 7, 8) and Beyrichia (VII. 6), the former essentially 
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smooth, the latter bearing strong tubercules. Bcyricliia shells are 
found in thousands in the Beyrichia Limestone of the Northern 
Ordovician areas. 

The most highly organized animals of the Silurian period, the 
iishes, occur for the first time in Europe in the upper part of the 
system, and there but sparingly. They belong in part to the 
Selachii, in part to the CephalaspidsB and Pteraspidse. Of the 
first scarcely anything but fin-spines {OnckiLS^ etc.) has been 
found ; of the Cephalaspidse (chief genus Cephalaspis), a peculiar 
order limited to the uppermost Silurian and the Devonian, parts of 
the head (which consisted of a single trilobite-like shield drawn out 
posteriorly into long spines) and the trunk are known ; and lastly 
of the Pteraspidse, the systematic position of which is uncertain, 
only the armour plates of the stomach and the back have been 
found. Fishes have recently been found in rocks thought to be of I 

Ordovician age in North America. They occur in sandstone beds ^ ;J 
which pass upwards into limestone with a Trenton fauna. 

Among the Mollusca the Cephalopoda are, from their number * 

and variety, of great importance^ They all belong to the one 
great division, the Nautiloidea (of which the genus NaiUilus is 
the solitary living representative), whilst the other division, the 
Ammonoidea, is entirely absent. The genus Endoccras (IV. 2), 
a straight form like OHhoceraSj but with very thick marginal 
siphuncle, is of great importance in the Ordovician ; also the 
crozier-like genus Lituites (IV. 1), the proximal part of which is 
spirally coiled while the distal portion is straight. In the Silurian 
we find the staff-like genus OHhoceras (VIII. 3, 4), the very vari- 
able slightly-bowed genus Cyrtocems (VIII. 5), also GompJioceras 
(VIII. 6) and Phragmoccras (IX. 1) — formed like OrtJioceras or 
Cyrtoceras but with the end chamber contracted above — also 
Nautilus (differing from the typical later forms in the fact that 
the whorls do not enclose one another), Trochoceras^ the remark- 
able Ascoceras^ etc. 

Among the Gasteropoda must be mentioned Flcurotomaria (IV. 
4), Murchisoniaj Turbo, Bellerophon, Maclurea (FV. 3) (especially 
in the Ordovician), Capulus (Silurian) ; whilst of the Pteropoda 
the little conical transversely-ringed TentaculitcSj with an open- 
ing at the top, were important in the Silurian. 

Of the Lamellibranchs or bivalve shells, we meet with only the 
integripalliate genera, while the sinupalliate are still entirely 
wanting. The widest spread are forms which resemble AviculUj 
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Area, and Astarte, and also Cypricardinia. In the Silurian 
Cardiola interrupta (IX. 2) is a well known and characteristic 
fossil. 

The Brachiopoda were of much greater importance. In them 
Also we find considerable differences between the Ordovician and 
Silurian faunas. In the Ordovician, Orthis (V. 2, 4 ; IX. 4), Lep- 
icena (IX. 6) and Strophomena (V. 5 ; IX. 7) play an important 
part; and with these occur the genera Poramhonitcs (IV. 6), Orthi- 
mna (V. 1), and Platystrophia (V. 3), which are confined entirely 
to these rocks. At the base of the Silurian, large smooth species 
of Pcntamerus (P. oblongus, P. estonus, P, horealis) become im- 
portant ; whilst higher up we meet with P. galeattis and P. 
' Knightii (X. 3). Later, forms with internal spirals, Spiriferaceae, 
occur, such as Meristelln (X. 5), Atrypa (X. 4), Spirifer (X. 6, 7), 
Retzia, etc. : and the genus Rhynchonella (JX. 3 ; XJ, 2), which 
in the Ordovician is comparatively rare, becomes her^ery rich in 
apecies. Chonetes (IX. 5) and Terebratula also require notice as 
the youngest important genera. 

Bryozoa are present in the Ordovician, but neither here nor in 
the Silurian are they of much importance. 

Passing on to the Echinodermata we find Crinoids, Echinoids 
And Asteroids already developed. Both the last-named groups 
occur at first quite rarely (Botriocidaris, Protcuter), but tho 
drinoids are so much the more abundant. In the Ordovician the 
order Cystidea, distinguished by the poor development of the 
arms and the absence of a stalk, is important, especially tho 
genera Echinosphcerites (V. 7) and Caryocrinus (V. 6), whilst the 
true Crinoids or Eucrinoids are still rare ; but in the Silurian tho 
latter reach a great development, whilst the former have 
•diminished. The Silurian Eucrinoidea belong, like all the PalsBO- 
^.oic forms, to the division of the Tesselata or Palseocrinoidea, 
Among which the plates composing the calyx are fused together 
i(not, as in the later forms, articulated). The genera Cycdhocrinas 
^XI. 2), Taxocrinvs, Crotalocrinus (XL 1), Ichthyocrinus and 
others, which in part pass into the newer PalaBozoic formations, 
Are specially important. 

Ccelenterata also have in these rocks become very numerous. 
In the Ordovician Corals are still few in number (here belongs 
the tabulate genus Monticulipora [VI. 1]) ; but in the Silurian, 
they hold an important place and often form reefs. Of the Bugosa 
^Tetracoralla) we may mention Cyathophylliim, Stauria (XL 7), 
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Omphyma (XI. 5), Palcoocyclus (XI. 3), Acervnlarta (XI. 4), Cysti- 
phyllum^ and the operculate Goniophyllum (XL 6) ; of the Tabu- 
lata, Favosifes (X. 8), Alveolites, Hahjsites (X. 9), Ileliolites. 

In the class Hydrozoa the Graptolites are the most important. 
They are most nearly allied to the living Plumularias and, as in 
these, the skeleton is chitinous. It is only in a very few cases 
that any forms pass beyond the upper limit of the Silurian forma- 
tion. The Ordovician Graptolites are branched, e.g. Didymograp- 
tu8 (VI. 3), Coenograptus (VI. 2), Tetragrajyfus, Dicliograptus—or 
they are double, bearing cells on both sides of the axis, e.g. Diplo- 
graptics (VI. 5), and Phyllograptus (VI. 4). In the Silurian it ifr 
only in the lower horizons that any of the double forms occur, and 
branched forms are quite absent — whilst the greater number are 
simple, e.g. Monograptus (VI. 7-9), Rastntes (VI. 1 1), CyrtograptuSy, 
etc. The double genus Retiolites (TL. 10) with its net-like sur- 
face occurs in the Ordovician as well as in the Silurian. 

Another peculiar form, belonging to the Hydrocorallinse, is Stro- 
matopora. Its knob-like remains formed of numerous concentric 
layers of carbonate of lime take a considerable part in, the forma- 
tion of the Silurian coral reefs. 

Of less importance than the Hydrozoa are the sponges. A 
number of forms, mostly built on the Lithistid plan, such as^ 
Astylospongia (VI. 12), Aulocopium, are tolerablj' widely dis- 
tributed. 

To the Protozoa, and indeed to the group Foraminifera, belong,. 
as already remarked, certain forms observed in the Russian Glau- 
conite Sand as well as others found in England, North America,, 
and still more in Siberia ; whilst Radiolaria are known from th& 
Silurian of Scotland, Saxony, etc. 

If one glances back at the foregoing observations, it will be- 
seen that all the great divisions of the Animal Kingdom were- 
already represented in the Silurian period and that the lower 
forms especially were richly developed. If we consider, moreover,, 
that we already know far more than 10,000 species of Ordovico- 
Silurian animals, that even the small area of Bohemia alone has- 
yielded several thousand, it will be granted that it would be quite* 
groundless to speak of the poverty of this fauna. It was certainly 
not poorer than that of any later period. It was only diflferently 
developed : of the most highly organized class, the vertebrates^ 
only the lowest division, that of the fishes, was present, and the 
various groups of the lower animals of the Silurian show a mutual 
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relation in numbers which differs more or less considerably from 
that of later times. 



D. DEVONIAN SYSTEM. 
mSTORICAL, 

The establishment of the Devonian System was, like that of the^ 
Cambrian and Silurian, a result of the researches carried on by 
Murchison and Sedgwick in Western England during the fourth 
decade of the century. The name was first proposed in 1839 by 
these two observers in a paper devoted to the older rocks of 
Devonshire and Cornwall,* and was applied by them to a great 
succession of grauwacke slates and limestones, fossils of which 
had already been shown by Lonsdale to be intermediate between 
those of the Silurian and those of the Carboniferous Limestone. 
Mainly on account of this, although the rocks underlying it had 
nowhere been found, the Devonian was even then considered by 
Murchison and Sedgwick to be of the same age as the Old Eed 
Sandstone, which is developed in Middle and Northern England 
between the Silurian and the Carboniferous Limestone. In the 
same year, De la Beche, in his geological map of Devonshire and 
Cornwall, accepted the name Devonian ; and two years later (1841)- 
John Phillips, in his " Figures and Descriptions of the Palaeozoic 
Fossils of Cornwall, Devon and West Somerset," described a 
number of the most important fossils of the English Devonian. In 
this way the honour of being the cradle of the Devonian formation 
has fallen to England, although it is not nearly so well developed 
there as in many other countries of Europe. 

Scarcely had the English division of the older Palaeozoic beds 
into Cambrian, Silurian, and Devonian become known on the Con- 
tinent, when search was everywhere made to find the equivalents 
of that formation there also ; and Murchison and Sedgwick them- 
selves took a prominent part in these attempts. 

They first broke ground on the Continent in the Rhenish 
Schiefergebirge and their westerly extension, the Ardennes, — the 
largest and best developed Devonian area of Western Europe, 
which, even up to the present day, continues to add more to our 
knowledge of the Devonian than any other area. Already scat- 

1 ** Trans. Geol. Soc." (2), y. p. 688. 
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tered attempts at classiiicatlon had been made in these mountains, 
without, however, leading to results of general importance. This 
is true even of the most prominent of' these researches, those 
of the Belgian Andre Dumont, whose work in the Ardennes 
had not the importance of the later researches of Murchison and 
. Sedgwick simply because it was carried out in a too purely 
^tratigraphical way. 

The famous essay of the two English observers devoted to the 
Khenish mountains, appeared in 1842,^ and its value was enhanced 
by the palseontological appendix contributed tjr d'Archiac and de 
Verneuil. In this classical work, a part of the Taunus and Hims- 
riick was considered as Cambrian : the chief mass of the Schiefer- 
^ebirge as Silurian ; a smaller part, iuQluding the Eifel Limestone 
formation, as Devonian ; whilst the Culm formation was described 
SiS the equivalent of the Carboniferous Limestone. The last was 
one of the chief services of the work ; but the classification of the 
older beds .has needed considerable alteration. The merit of under- 
taking this iv^cessary revision is due to the " Rheinischen Ueber- 
^angs-gebirges " of Ferd. Bomer, appearing in 1844, in which the 
-author shows that the chief m^ss of the Schiefergebirge must, ac- 
oording to its fossils, be correlated not with the English Silurian, 
t)ut with the Devonian. In this work the limestone of the Eifel 
is separated as a younger Devonian from the "older (Lower 
Devonian) Rhenish grauwacke," but as yet the Upper Devonian 
was not recognised. The separation of this is due to the work 
of Von Dechen ^ and of the brothers Sandberger, the latter of 
whom by their great Monograph, "Die Versteinerungen des 
rheinischen Schichtensystems in Nassau,"^ contributed much to 
the establishment of the |^now universal three-fold division of the 
Devonian. 

Among the more, important of the later contributions to our 
knowledge of the Devonian are the researches of J. Gosselet in the 
Ardennes,* which are closely connected with the older *work of 
Dumont. These studies have made known, among other things, 
the wicfe extent of the Upper Devonian Iberg Limestone, first 
^listinguished by Fried. Adolph Romer in the Harz. 

» " Trans. Geol. Soc. " (2), vi. p. 222. 
2 " Verb, naturh. Ver. Rheinl.-Westf. " (1855). 
5 Wie'Sbaden (lJ^O-56). 

' * •* M^m.sur les terrains primaii-es de la Belgique " (1860). ** L'Ardenne" 
^188t). ' . 
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The observations of E. Kayser ^ on the Bhenish Devonian have 
been undertaken with a view to a detailed classification of the sys- 
tem based especially on the distribution of the fossils ; while for 
the further development of our knowledge of the German Devonian 
the works of the Prussian Geological Survey are of the greatest 
importance. These have not only led to a subdivision of the 
Bhenish Lower Devonian and to the removal of the Wissenbach 
or Orthoceras beds from the Lower to the Middle ; but have also, 
by the establishment of the oft-discussed Hercynian of the Harz, 
been- the cause of a great and geperal change in the limitation of 
the Silurian and Devonian systei 

mSTIilBUTION AND DEVELOf^ENT OF THE DEVONIAN 

FORMATION 

Rhenish Area.— The extent of^ the Devonian in the Rhenish 
Schiefergebirge, the accuracy of the observations made upon it, the 
completeness and variety of the series, and its richness in fossils, 
make it important to begin the account of the system with a de- 
scription of this area. This mountain region, which in general has 
the form of a plateau, stretches from the £der and Dieinel to be- 
yond the Meuse, and is formed of more or less strongly compressed 
beds, which, especially in the southern part of the district, present 
over a wide area a system of reversed folds dipping regularly to 
the S.E. All these folds consist of Devonian rocks, altogether 
probably at least 20,000 feet thick, which are accompanied locally 
by Lower Carboniferous beds. BfiflFi nf Silurian agfl Ho inr^ftftd 
occur between Namur and Liege, but are unknown in the interior 
of the mountains themselves. The occurrence of still older forma- 
tions is limited to a few island-like Cambrian kernels rising up 
through the Devonian, such as the Hohe Venn, not far from Aix- 
la-Chapelle ; the so-called Massif of Bocroi below Mezi^res on the 
Meuse, which — as A. Dumont showed — is surrounded by uncon- 
formable Devonian beds; and some masses of sericite-gneiss, etc., 
in the Hunsriick and the Taunus, which are supposed 'to be of 
Archaean age. 

Within the Devonian rocks thetnselves no unconformity has yet 
been found ; and the whole succession beems to have been deposited 
without any important check, and passes up without break into 
the overlying Culm. . ^ 

^ ZeUt, d. deuUch, geol. Get, (1870, 1872, etc.). 
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Lower Devonian. — This consists of at least 10,000 feet of 
sandy and clayey beds, almost entirely free from lime. The fossil* 
which occur in it are almost always mere stone-casts without the 
original calcareous shells. They are generally rare and are found 
only in isolated beds, which are often separated 
by many hundred feet of practically unfossiliferous 
rock. The fauna consists chiefly of Brachiopoda. 
The only other important forms are Lamelli- 
branchs, Crinoids, and some Trrf)bites and Gas- 
teropods, whilst Cephalopods aiJ[ CJorals are few 
in number. Some species, sucrfas Chonetes sar- 
cinulata, C. plebeja (XII. 5W OHhis Ju/sterita 
(vulvaria [XII. 4]), Gravimfpia hamiltonensis 
(XIII. 3), Pterinea costata^ Pleurodictyum problc- 
maiicum (XII. 2), etc., go thfough the -whole or 
almost the whole series of beds, whilst others have 
a more restricted range. In general the consti- 
tution of the fauna points to a shallow sea, and 
the ripple-marks frequently met with at all 
horizons also speak in favour of this view. The 
classification of the Rhenish Lower Devonian is due 
mainly to the researches of the Prussian Geological 
Survey, especially those of C. Koch and E. Kayser.^ 

The lowest subdivision of the Lower Devonian, 
resting directly on the Cambrian Rocks, consists 
in the Ardennes and the Hohe Venn of the 
Gedinnien. Beginning usually with a coarse 
conglomerate, it is made up of variegated, phyllitic 
schists, sandstones, and arkoses, which here and 
there have yielded a small faxma. Very probably 
the similar, but generally more strongly crystalline 
rocks of the southern border of the Taunus and 
Hunsriick (sericite gneiss, etc.), the base of which 
is unknown, are of the same age. A circumstance- 
wlj^ich tells most strongly in favour of this view, - 
is that they, like the already mentioned Ardennes rocks, arar 
covered conformably by the next succeeding division of the Lower 
Devonian, the Taunus quartzite ; but for the most part they hav^ 
recently been referred by Gosselet to the Archaean. 

« " Jahrb. d. preuss. geol. L.-ADst." (1881), p. 190 ; ibid, (1884), p. LU. 8e& 
also Freeh, Zeits, d. deutsch, geoi, Oes, (1889), p. 175. 
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The Taanus quartzite, consisting almost exclusively of white 
•quartzite, forms the crest of the Taunus and HonsrUck, but is also 
developed in the neighbourhood of the Venn, in Belgium, and prob- 
ably also in the Altvatergebirge in Austrian Silesia. Fossils are 
verf rare, the most characteristic being Spirifer pi'imasws (XIII. 
•<>), S. hystericiLS ( = micropterus), Rensseceria craissicostaj E. stri- 
gicep9 (XII. 3), and Kochia capuliformis. The Taunus quartzite 
is succeeded by the Hunsriick slates, a thick series of dark 
-coloured clay slates, including numerous layers of roofing slate. 
They form the monotonous plateaux of Hunsriick and Taunus, but 
Are also repeated in their characteristic form in the Venn and the 
Ardennes. In these areas, however, they are for the most part 
represented by the Qrauwacke of Montigny. The fauna of the 
Hunsriick schists (chief localities, Bundenbach and Gemiinden in 
the Himsriick, Caub on the Rhine, AUes on the Semois) unlike that 
•of the rest of the Lower Devonian, consists chiefly of trilobites 
^Phacops Ferdinandij Homalonotus ornattiSj etc., C)*yphceu8, Dal- 
manite$ [OdontochUe]), mailed fish, bivalves, cephalopods ^Ortho- 
^xras, Goniatites), crinoids and beautifully preserved starfishes, 
whilst brachiopods are almost entirely wanting. In the Siegerland, 
in the valley of the Rhine below Andemach, in the valley of the 
Aar and a part of the Eifel, the Taunus quartzite and Hunsriick 
slates are not developed as such but are represented by the 
>8iegen Grauwacke, a thick complex of grauwacke and slates. 
The fauna of these beds consists especially of brachiopods {Spirifer 
prima*vu8j Rensselceria crassicosta^ etc.), but also contains bivalves, 
gasteropods, trilobites (Homalonottis arnatus), crinoids {Ctenocri- 
nu8 typus [XII. 1]), etc., and agrees closely with that of the 
Taunus quartzite and Hunsriick slates. 

The succeeding upper half of the Rhenish Lower Devonian is 
formed by the Coblenz beds of the Prussian Survey, the Spiri- 
fer Sandstone of the brothers Sandberger. In the Rhine area 
it may be divided into the three following groups : l.LowerCob- 
lenz beds, consisting mainly of rough grauwacke, which contain 
as characteristic fossils Strophoniena laticosta (XIII. 6) Orthis cir- 
^tUaris, Spirifer dunensis (XII. 6) Ilomalonottts ornatuSy H, crassi- 
xatida (XII. 7), etc. One of the chief fossil localities is Stadtfeld 
in the Eifel. 2. The Coblenz quartzite, a white platy quartz- 
ite, found especially in the neighbourhood of Coblenz, but also on 
the Lahn and Moselle, in the Westerwald, in the Eifel and Luxem- 
burg. The Quartzite of the Kellerwald, not far from Wildungen, 
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is also of essentially the same age. The fauna of this subdivision 
is more nearly allied to that of the Upper than of the Lower Gob- 
lenz beds, but shows it to be distinct from both. In the Ardennes 
the place of the Quartzite is taken by red sandstones and schists, 
the so-called beds of Burnot, which, however, appear to repre- 
sent not only the quartzite but also a part of the Lower Coblenz 
beds. 3. The Upper Coblenz beds consist of soft grauwacke 
slates, which in many places (Coblenz, Ems, Daleiden, etc.) contain 
a very rich fauna. Among the specially typical species are Spiri- 
fev auncidatus, S, curvatus and S. paradoxus ( = macroptcrus\ 
Atrypa reticularis, Chonetea dilatata, Ctenocrinus decadactyluSy 
CryphaeuB laciniatvs (XIII. 1), Homalonotus la:vicau4a, etc. At 
their upper boundary these slates in many places (the old paper 
mill near Haiger, mouth of the Ruppach valley near Diez, etc.) pass 
up into slates, which though containing for the most part Lower 
Devonian species, also include a few Middle Devonian forms 
(Spirifer intennedivs=8p€cio8us [XIV. 2], 8, elegana, S, acvleatus^ 
Orthis striatula [XIV. 8], etc.). On the left bank of the Rhine 
these uppermost Coblenz beds are represented by calcareous sandy 
rocks accompanied by oolitic red hsematite, which directly 
underlie the Eifel Limestone, and harbour a similar mixture of 
Lower and Middle Devonian species (among the latter Calceola 
sandalina [XVI. 6]). 

Middle Devonian. — The Middle Devonian of the Rhine is 
mainly composed of calcareous rocks, whilst sandy beds play quite 
a subordinate part, and it thus contrasts strongly with the Lower 
Devonian. In the Eipel,^ the group occurs in a series of troughs 
in the Lower Devonian running from S.W. to N.E. ; and here, as. 
also in Belgium, the lower part of the series consists of marly lime- 
stones and slates; these are known as the Calceola beds, and 
contain those numerous finely preserved fossils, for which the Eifel 
has become so famous. Along with brachiopods — of which we can 
mention only Atrypa reticidaris, Athyris concentrica (XIV. 4)^ 
Merista plebeja, Spirifer interniedius = spcciosus (XIV. 2), S, cur- 
vatus, S. ostiolatus (XIV. 1), Cyrtina heteroclita (XIV. 5), Penta- 
merus galeatus (XIV. G), EhynchoneUa parallelopipeda^ Orthis 
striatida (XIV. 8), and Streptorhynchus uinbraculum (XIV. 9) — 
corals {Calceola sandalina [XVI. 6]), Cyathophyllum ceratitcSy C, 
hcliantoides, Cystiphyllum vesiculosum (XVI. 4), Heliolites porosa 

> E. Kayser. Zeits, d. deutsch. ged, Ges, (1871), p. 289. Freeh, "Palftont. 
Abh. von Dames u. Kayser," III., pt. 8 (1886). 
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(XVI. 7), Alveolites suborhicnlaris^ several species of Favosites^ 
etc., and Stroniatopora, are especially abundant. A very common 
trilobite of this horizon is Phacops Schlotheimi (XV. 1). The 
lowest zone of the Calceola beds, the so-called Cultrijugatus zone, 
is specially characterized by the occurrence of the large Spirifei' 
ctdirijugatus — a younger variety of Sp. axiricvlatiis^ — Rhyncho- 
nella Orhignyana^ and other species. 

The upper division of the Middle Devonian consists in the Eifel 
and in Belgium, of a pure massive limestone and dolomite, tho 
Stringocephalus Limestone, which contains numerous 
brachiopods, gasteropods and cephalopods. The typical fossils 
are Stringocephalus Burtini (XIV. 7), Uncites gryphus (XIV. 3), 
Macrochilus arctdatum (XV. 5), Heurotomaria delphinvloidcs 
(XV. 3), MurcJiisonia bilineata (XV. 4), and Megalodon cticvllatuvi 
(XIV. 10). The boundary between the Calceola and Stringocepha- 
lus beds is formed in the Eifel by the Crinoid beds, which are 
often almost exclusively made up of Crinoid stems, and yield all 
the beautiful crinoids of the Eifel Limestone {Cupressocnnus 
[XVI. 1], Potcriocrimis, Melocrinus^ Rhodocriniis [XV. 6], etc.). — 
Calceola sandalinay however, passes up beyond this boundary. 

In other parts of the Schiefergebirge, limestones of the same 
age are also developed, as at Paffrath not far from Cologne (Paff- 
rath Limestone), Elberfeld, Hagen, Brilon, etc. (Elberfeld Lime- 
stone), in the Lahn region at Wetzlar, Diez, etc. In the neigh- 
bourhood of Brilon the uppermost part of this limestone is changed 
in contact with diabase into red ironstone, which encloses a fauna 
in many ways very dififerent (with Cardiola retrostriata [XVH. 8], 
and some other Upper Devonian species). 

A very different facies of the Middle Devonian is met with in 
southern Westphalia, in the Lenne area. The Calceola beds and 
a part of the Stringocephalus beds are here represented by sandy, 
clayey rocks, which closely resemble the Spirifer sandstone, but, 
as was first shown by F. Romer, contain Middle Devonian fossils. 
V. Dechen called these beds the Lenne schists. 

The Middle Devonian is developed in yet another way in the 
DiLLEXBERO area, the Hessian Hinterland, in tho region of Wildun- 
gen, as well as on the Moselle (at Olkenbach). In these places it 
t^ikes on the form of dark clay and roofing slates with interbedded 
limestones and qnartzites. These slates contain abundance of 
Tentaculites, which often cover the surfaces of the slates in thou- 
sands (hence Tentaculite-schists [R. Ludwig]) ; but otherwise the 
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fauna is scanty, consisting chiefly of cephalopods and trilobites 
Often, especially at Wissenbach not far fromDillenburg and in the 
Ruppach valley at Diez, the fossils .are silicified, and here the 
slates are usually known as the Wissenbach or Orthoceras 
Slates. As Kayser has shown,^ two different faunas may be dis- 
tinguished in them : an older with Gonmtites {Anarcestes) lateaep- 
tatus (XIX. 2), and svbnautilinus^ G, {Miinoceras) gracilis (= 
compTessus\ Hercoceras svbtuberciUatum (XIX. 1), Orthoceras 
triangulares etc.; and a younger with Goniatites {Pinacites) 
Jugleri, G, {AphyUites) occvUiis (XIX. 3) and Dannenbergi, Bac- 
trites carinattis and Schlotheimi^ etc. These two groups are also 
developed in calcareous form at Wildungen, at Giinterod and 
Bicken (between Marburg and Herborn) and elsewhere ; and these 
limestones, which are always of very restricted extent, are particu- 
larly remarkable on account of the appearance in them of a number 
of trilobites {Brontens [Thysanopeltis] sp€ciosu3 = thysanopeltis 
[XIX. 5], PJiacops fecundus, etc.), and of the fossils which are 
characteristic of the Hercynian (to be described below) series of 
Bohemia, the Harz and other regions. Like the Hunsruck slates 
of the Lower Devonian, the Middle Devonian beds in question may 
be looked upon as deposits of a deeper and more open sea. 

Lastly, it must be mentioned that in the Lahn and Dill areas, 
and also in some parts of the Sauerland and Waldeck, the Middle 
Devonian is, sometimes in part and sometimes entirely, represented 
by diabase (less often porphyry), and its tufaceous and brecciated 
form known as Schalstein, which is often fossiliferous. 

Upper Devonian.-;-The Upper Devonian of the Rhine every- 
where falls into an older and a newer division. The olderUpper 
Devonian is very variously developed. In the country between 
Dilsseldorf and Brilon it is represented by dark somewhat calcareous 
slates, V. Dechen's Flinz. At Aix-la-Chapelle, in the Eifel and in 
Belgium, on the other hand, at the same level, directly above the 
Stringocephalus Limestone, we find the Br achiopod Limestone. 
Ehynchonella cuboides (XVIII. 2), E, pugnus^ R, acuminata^ 
Spirifer Verneuili (XVIII. 1), Camarophoria formosa, Productus 
stLbamdeatus^ along with a few Goniatites {G. [Gephyroceras] 
intumescens [XVII. 1] ; G. [Tornoccras] simplex [XVII. 3]) and 
morals, are the characteristic fossils. 

At other places (Breitscheid near Dillenburg, etc.) corals — 

» » Jahrb. d. prcuss. geol. L.-An8t. " (1883), p.^!. 
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among which the genus Phillipsastrcea (XVII. 9) is especially 
important — are abundant enough to form more or less unbedded 
reefs of limestone, which may be called, after the longest known 
occurrence in Upper Harz, the Iberg Limestone. In these 
coral limestones also, RhyiiclioneUa cuboides^ Spirifer Venieuilij 
iind species of Oephyroceras aro very important. In Belgium 
these brachiopod and coral limestones are known as the Lime- 
titone of Frasne. 

Another form of the older Upper Devonian is the Adorf 
Limestone, so called after its chief locality in Waldeck. This 
is met with in Nassau, Westphalia, and Waldeck, and consists 
of reddish or blackish limestone, almost everywhere nodular in 
structure, containing a rich cephalopod fauna. Here also Gonixir 
iites intumescens is the chief fossil ; but besides this we find 
many other species of Gephyroceras^ Gon. (Beloceras) multilohatuSj 
O, (Tornoceras) simplex^ and the elegant Cardiola retroHrtata 
^X VII. 8). Certain marl-slates which, near Budesheim in the Eifel, 
overlie the marly limestone with Rhynchonella cttboides, contain 
similar Goniatites and Cardiola retrostriafa, and evidently are 
only a slightly altered form of this limestone. It is on account 
of the important part played by Goniatites intumescens in the 
-whole of the older Upper Devonian that Kayser has called it 
the Intumescens series. 

The younger Upper Devonian is represented on the right 
l)ank of the Rhine chiefly by the Cypridina slates (Sandberger), 
which are soft light red or greenish slates with a small bivalved 
orastacean Etitomis {Cypridina) scvrato-striatd (XVII. 6). Besides 
this form there are usually found only AvicuLa {Ponidonia) venusta 
and Phacops cnjptopldhalmus (XVII. 7). Near the upper limit 
of these slates there are frequently more or less thick strata of 
iiodular limestone (Nierenkalk), which at Enkeberg near Brilon, 
At Wildungen, in the Dillenburg area, etc., contain a peculiar 
Ooniatite fauna, especially G, (Sporadoceras) Bronni, and also the 
^enus Clymenia — a genus which is entirely limited to this upper- 
most division of the Devonian {Clymenia laevigata, C. undulata 
( XVII. 4], C striata, etc.). These ClymeniaLimestones repre- 
:S3nt the greater part of what v. Dechen has called the Kramenzel 
Limestone. 

Somewhat lower than thesa lie the Goniatite slates of Nehden, 
not far from Brilon. At first associated by the brothers Sand- 
burger with the Goniatite slates of Budesheim, they were, after 

c. o. H 
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Beyrich had perceived the close agreement of their fauna with 
that of the Olymenia Limestone, placed by Kayser as a special 
(Nehden)zone at the base of the Olymenia Series, including; 
under this term the whole of the younger Upper Devonian. 

At many places on the right bank of the Rhine pale micaceous- 
platy sandstones are interbedded with the Cypridina slates. 
When these sandstones, which include scarcely anything but 
indistinct plant remains, are more strongly developed, they 
have been called by a Westphalian local name, Pon sand- 
stone. 

In Belgium the younger Upper Devonian occurs in still another 
form, firstly as greenish brachiopod slates (with Spirifcr YerneuiUy 
etc.), the slates of Famenne; and secondly as soft, brownish^ 
micaceous sandstones, the Psammites du Condroz, which 
yield brachiopods {Spirifcr Verneuili, etc.) and lamellibranchs. 
(" CucuUcpa " Hardingiiy etc.), and are only a sandy facies of th& 
Famenne slates. At their upper limit, directly below the Car- 
boniferous Limestone, the so-called Limestones of Etroeungt 
occur locally. They contain a mixture of Devonian and Carboni- 
ferous brachiopods, and also the trilobite called Phacops latifrons. 
The sandstones and slates extend in an easterly direction as far as- 
the neighbourhood of Aix-la-Chapelle — the sandstone indeed is. 
developed with a rich brachiopod fauna near Velbert, north-east 
of Diisseldorf. 

In the Upper Devonian of the Dill and Lahn regions, as in tho 
Lower Devonian of the same area, the normal sediments are in 
part replaced by schalstein and diabase. On account of the red 
ironstone beds connected with these occurrences and produced b}' 
the alteration of what were originally limestone beds, these rocks, 
are of great practical importance. — The table on the following 
page summarises the foregoing account. 

The Harz.— The Harz, which, next to the Rhine area, is tho 
most important of the German mountain ranges for a knowledge 
of the Devonian, was originally described by A. Romer ; ^ but it 
has recently been the subject of a detailed examination by tho 
Prussian Survey, carried out with extraordinary expenditure of 
time and pains, especially by C. A. Lossen.* If all the riddles of 
the geology of the Harz are not yet solved, this is due both to- 

* "Verstein. d. Harzgebirges " (1843). "B?itrage z. Kenntniss d. nord- 
westL Harzgeb. PalOontogr." (1850-1866). 
« See e&j^ially the "Geol. Uebersichtakarte des Harzgebirges " (1882). 
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the unsatisfactory exposures and to the extremely complicated 
structure of the beds forming this little movintain island. 

In the Upper Harz the succession of the Devonian beds repre- 
sents in full the whole series of the Ehine. The oldest beds here 
rising to the surface, the Quartzite-sandstone of the Kahleberg and 
Kammelsberg between Goslar and Glausthal, are the equivalents 
of the Coblenz Quartzite and the Upper Goblenz beds ; the Middle 
Devonian is represented by marly slates with CcUceola sandalina^ 
iron-stained limestone with Stringocephalus Burtini^ and dark 
folates with, silicified Wissenbach Goniatites (Goslar slates) ; and 
lastly the Upper Devonian is represented by the black limestone 
of Altenau with Goniatites intumescens and Cardiola retrostriata^ 
the coral limestone of the Iberg (near Grund) with Rhynchonella 
K'vhoideSy etc., Cypridina slates (near Lautenthal) and Clymenia 
Limestone (near Ehomker Halle). 

In the Lower Harz also the Iberg Limestone and the Strin- 
gocephalus beds accompanied by Schalstein form a large basin in 
the neighbourhood of Elbingerode and Rttbeland; but the whole 
of the remainder of the middle and eastern part of the mountains 
is occupied by a thick more ancient series of sandstones and slates 
with numerous sheets and dykes of eruptive rocks, which are 
classified from above downwards as follows : — 

Elbingerode Grauwacke. 

Zorge Slates. 

Hauptkieselschiefer. 

Upper Wieda Slates. * 

Hauptquartzit. 

{Lower Wieda Slates with gi'aptolites and the so-called 
Hercynian Limestone. 
Tanner Grauwacke (with Culni like flora). 

Of these divisions the Hauptquartzit — a schist-zone with inter- 
bedded quart zites^-con tains the usual brachiopod fauna of. the 
Hhenish Upper Coblenz beds {Spirifer auriculatus, Atrypa reti- 
culariSj etc.). The overlying beds must therefore belong to the 
Middle Devonian; and this is indeed proved to be the case by 
the scanty fauna (corresponding with that of the older Wissenbach 
slates) of the Zorge slates, with Goniatites (Mivioceraa) gracilis^ 
TentactUites acuarius^ etc.*) 

A very peculiar fauna on the other hand distinguishes the 

* Kayser. F^una des Hauptqnartzites und der Zorger Schiefer. ^' Abh. 
d. preuss. geol. Landesanst.^^ (1889). 
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lowest beds, the Hercynian of Beyrich and Lossen, which con- 
formably underlie the Hauptquartzit. The Lower Wieda Slates 
contain a most remarkable fauna of graptolites (always simple 
forms); whilst the deeper lenticular "Hercynian" limestone 
masses of Magdesprung, Harzgerode, Hasselfeld, Wieda, Zorge, 
Ilsenburg, etc., contain a tolerably rich fauna consisting of trilo- 
bites (species of Dalmanites of the group of D. Hau9manni= 
Odontochile [XVIII. 5], Cryphoeus^ PhacopSj BronteuSy Acidaspu^ 
etc.), Orthoceratites (0. triangiUare, etc.), numerous brachiopods 
(in great part the species of the Bohemian limestone of Konjeprus), 
lamellibranchs, gasteropods (including especially many Capulid« 
[XIX. 6] ) and corals (among them Fleurodietyum). First described 
by H. E5mer and Giebel as Pilurian, this Hercynian fauna of the 
Lower Harz has more recently been compared by E. Beyrich with 
the fauna of the Bohemian stages F, G, H of Barrande, and was 
afterwards described by Kayser, on the basis of a detailed exami- 
nation,^ as Lower Devonian — an age which the same observ,er has 
also claimed for the Bohemian beds already mentioned, for some 
Rhenish, French and Ural limestones characterized by a similar 
fauna, and also for the American Lower Helderberg beds. 

Bohemia. — The Devonian beds of Bohemia occupy a relatively 
small area, and are confined to the country between Prague and 
Beraun. They lie conformably on the Upper Silurian (Stage Ee* 
of Barrande), and may be classified according to this author as 
follows (from above downwards) : — 

H. Black plant-bearing slates. 

Gg'. Cephalopod-bearing nodular limestone of HlubotJep. 

Gg*. Tentacnlite slates. 

Gg^ Nodular limestone with Cephalopoda, Pelecypoda, Trilobita. 

PP. Light coloured, crystalline Brachiopod and Trilobite Limestones 

of Konjeprus and Mnenian. 
Ff^ Black Limestone. I 

« 

The Limestone Ff *, which, if Nov&k is right, is only a facies 
of Ff*, contains but few fossils, the most important being the 
youngest Bohemian graptolites ; but the succeeding division con- 
ceals a rich fauna, which is very like that of the Hercynian of the 
Harz, and consists of Goniatites (here also a series of Wissenbach 
ftpecies), trilobites {Odontochile [XVIIL 5], Phacops [especially 
fecundus], Thymnopeltis [specioaus, XIX. 5], Proi^ttiSf CheiruruSy 

^ Fauna der ttltesten Deyonbildungen d. Harzes. '^ Abh. d. preuss. geoU 
Landesanstalt " (1878). 
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BronteuSj AcidaspiSj Harpes, Calymene^ etc.), gasteropoda (nume- 
rouB Capulidae), brachiopods (among them a species of Stringo- 
-eephalus), lamellibranchs and corals. With these are also fonnd 
the peculiar mailed fishes (Placoderms), which are represented 
in the Harz only by traces. The presence of these fishes and 
of numerous Ooniatites (with the genera Anarcestcs, AphyUiteSy 
Jdimoceras, PinaciteSj etc.), both of which are unknown in the 
Silurian, but are very characteristic of the Devonian, has caused 
E. Kayser to refer these beds, hitherto commonly considered as 
Silurian, to the Devonian. While Kayser includes the whole of 
the Bohemian succession in the Lower Devonian, and attempts to 
•explain their great palseontological difference from the Rhenish 
Lower Devonian on the supposition that the latter were deposited 
in a shallow, the former in a deeper, sea ; we may, probably not 
incorrectly, correlate only the stages F^-G^ with the Lower 
Devonian, but place 0*'^, with its fauna so like that , of the 
Wissenbach beds, in the Middle Devonian, and H in the Upper 
Devonian.^ 

It still remains to be remarked that a few small occurrences of 
limestone have been discovered in later times at several places 
in the Rhine area — especially at Groifenstein, not far from 
Wetzlar — and that both petrographically and palseontologically 
these closely resemble the Limestones of Konjeprus and Mnenian. 
In these Rhenish limestones also, the Bohemian forms Phacops 
fecundtLSj P, cephalotes (XIX. 4), Thysanopeltis spcciosus (XIX. 5), 
Pro^tuB orbitatuSj P, eremita and others, Lichas Haucrl^ Tenia- 
eulites acuarius, Mcrista passer^ M, securis, etc., are among the 
most abundant species.* Moreover the Cephalopod and Trilobite 
Limestones of Wild un gen, already described, which belong to 
the upper Middle Devonian, include a not inconsiderable number 
of Hercj'nian species. 

Thuringia. — We find a development of the Devonian in many 
^vays like that of the Harz and Bohemia in the region of Thuringia 
and the Fichtelgebirge ; and this has been made known especially 
by the researches of Gtimbel and Liebe : — ^ 

* Freeh, ZeitB, d, deutsch. fjed. Ges. (1889), p. 175. 

* Maurer, Der Kalk von Greifenstein, "N. Jahrb. f. Min.,'' Beilageband I. 
(1880). Nov&k, Vergleicheude Studien a. einig. Trilobiten aus dem Hercyn 
von Bicken, Wildungen, Greifenstein, und Bohmen, "Palftont. Abh." (1890). 

=» GUmbel, " G^ogn. Beschr. d. Fichtelgeb." (1879). Liebe, Der Schiohten- 
fiiifbau Ostthuringens, "Abh. d. preuss. geol. Landesanst.^' (1884). 
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<J p per Devon ian : Olymenia Limestone (especially near Schttbelhammer 

and Saalfel^),! Cypridina slates, Adorf Goniatite Limestone. 
Middle Devonian: Diabase tafTs and Schalstein (Planschwitz Tuff) 

with Corals and Brachiopods. 
Lower Devon ian: Tentaculites and Nereites beds, Tentaculite nodular 
Limestone with a small Hercynian fauna (Odontochile^ etc.). 

Unconformity. 
Upper Silurian. 

Devonian beds of various ages are also known in Silesia 
i(Clymenia Limestone of Ebersdorf, Iberg Limestone of Ober- 
kunzendorf), Moravia (Stringocephalus Limestone of Rittberg 
near Olmtitz) and Poland (Upper Devonian of Kielce, Middle 
Devonian of Cracow, etc.). In South Germany undoubted Devonian 
rocks have quite recently been found for the first time in the 
Vosges (Stringocephalus Limestone near Schirmeck). 

Alps. — Limestones with Clymenia have long been known in 
tlie Alps, in the region of Gratz in Steiermark. Lately the 
Austrian geologists, and also especially Frech,^ have recognised in 
the Carinthian Alps various other divisions of the Devonian, which 
there, as in Bohemia, appear to follow on the Silurian without a 
•break. According to these interesting discoveries the Devonian 
in jthis region is constituted as follows : — 

Upper Devonian: Clymenia LimestdUe, Iberg Limestone. 
Middle Devonian: Coral Limestone with Stringoceplialus Burtini a,nd 

Macrochilus arculatum, 
/Limestone Reef with brachiopods.of the Koujeprus 

Limestone. 
Slates and nodular Limestone with brachiopods 
and Goniatite8(vl/iarce9^ lateseptcUus^ Tortioceraa, 
etc. 



Lower Devonian: - 



France. — In France Devonian beds are found both in the North- 
AVest and in the South of the country. Near Ferques, not far from 
Boulogne-sur-Mer, fossiliferous limestones of the age of the Belgian 
Limestone of Frasne, have long been known. In Brittany, accord- 
ing to Charles Barrois,^ the Devonian is divided as follows : — 

Upper Devonian: Slates pf Rostellec. 

Middle Devonian : Slates of Porsguen, with Wissenbach fauna. 

(Slates and Limestone of Nehou, with Coblenz 
fossils. 
Quartzite of Gahard (=Taunus quartzite). 
Quartzite of Plougastel (=Gedinnien). 

> Gambel, Die CJymenien des Fichtejgebirges, " Palaontogr." (1863). 
« Freeh, Zeits, d. deutsch, geoL Ges, (1887), p. 660. 
^ Bull ,Soc. Geol. de France, xiv. (1866), p. 655. 
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Of especial interest is the occurrence near Erbray in the de- 
partment of the Loire Inf^rieure of an undoubted Hercynian 
Limestone with a rich fauna (numerous Bohemian brachiopods and 
gasteropods — here also especially Capulidae — Orthoccras triangu- 
lares a species of Calymene, corals). Charles Barrois> correlates- 
it with the Belgian Gedinnien; Oehlert, on the other hand, with 
the Coblenz beds. 

In South France Devonian rocks are especially developed 
in the region of Cabrieres, not far from Montpellier. In tho 
Upper Devonian we find here also Nierenkalk (nodular limestone) 
with Glymenias, and lower down a similar rock with Goniatitcs 
intumescens] in the Middle Devonian (?), marly limestone with 
Ccdceola sandalina, and crystalline limestone, which contains in 
part species of the Konjeprus limestone.- In the Pyrenees also 
variegated nodular limestones with Upper Devonian Goniatites 
(marbre griotte in part) are very widely spread. Near Catherveille 
a small Hercj-nian fauna (with Dalnianites, ThysanopelHSj Pha- 
cops fecundvs, etc.) has been proved. 

In Spain and Portugal Devonian rocks have been known 
for a long time. Dark slates, limestones and sandstones are tho 
most widely spread rocks. 

In Asturi«ns they are classified by Barr6is,^ as follows, in de- 
scending order : — 

Sandstone of Cu^. | Famennien. 

Limestone of Candas with Spiri/er Verneuili. i Frasnien. 

Sandstone with Goaaeletia. j Giv^tien. 
Limestone of Moniello, with Ccdceola sandalina. \Eifelien 

Limstone of Arnao, with Sp, ndtrijugatus, f 

Limestone of Ferrones with Athyris, \Coblenzien 

Slates and limestones of Nieva with Sjh hystericus. J 

Ferraginous sandstone of Fnrada. , Taunusien. 
The Gedinnien is unrepresented. 

British Isles. — In England the Devonian is developed in twc^ 
quite different and strongly marked facies, namely, 1. as a series, 
of slaty, sandy, and calcareous beds, which in all points resembles, 
that of the Continent ; and 2. in the form of a thick red sand- 
stone series, distinguished by a rich and peculiar fish fauna, tho 
Old Bed Sandstone. 

> Le Calcaire d'Erbray, " Mem. Soc. geol. du Nord/^ (1889). 
» Freeh, ZeiU. d. detUscfi. geol, Oes, (1887), p. 360. 

' Terrains Anciens des Asturies et de la'Galioe. "Mem. Soc. g«ol. di» 
Nord »' (1882). 
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The first Facies, to which the name Devonian was originally 
applied, is limited to Devonshire and the neighbouring parts of 
Somerset and Cornwall, and consists of a thick series of grau- 
wacke, slates, and limestones, with interbedded eruptive rocks- 
and tufiPs. It is everywhere strongly folded and cut through by 
numerous faults, so that the accurate determination of the rela- 
tive age of the various subdivisions is possible only by means of 
the knowledge gained on the Continent concerning the stratigram 
phical meaning of the Devonian fossils. The agreement of the 
English Devonian with the Ehenish is very detailed. In the 
Lower Devonian, for example at Looe in Cornwall, we meet 
with typical Siegen grau wacke with Spirifer primwvuSj Rhyn- 
chonella PengeUiana, Streptcn'hynchus gigas, and other character- 
istic forms, whilst in the neighbourhood of Torquay both the 
Lower and the Upper Coblenz beds are recognisable (the former 
with Strophomena laticosta and Honialonotus armatiis^ the latter 
with Spirifer aurictUatus, etc.). The Middle Devonian is re- 
presented by Calceola slates and limestones and by the Stringoce- 
phalus Limestone with its type fossils; the Upper Devonian 
by Iberg Limestone, Adorf Goniatite limestone, and Bildesheim 
Goniatite slates, Cypridina slates, uud Clymenia limestone (the 
last especially near Fetherwin in Cornwall). 

The general succession in South Devon,* so far as it has yet been 
determined, is as follows :— - 

rCypridina slates (Entomis slates). 
Upper. -| Goniatite limestones and shales. 

I Massive limestones. 

r Middle Devonian limestones. 
Middle, i Ashprington volcanic series. 

lEifelian slates and shaly limestones. 
Lower. Grits and sandstones. 

The boundary between the Lower and Middle Devonian can only bo 
traced by means of the evidence of fossils ; and that between the Middle 
and Upper is at present undeterminable. 

The Lower Devonian includes the Lincombe and Warbury Hill grits, the 

Meadfoot beds (in part at least), and the Cockington grits. They havo 

yielded Hamalcnotua^ Pleurodidyum problematicujtiy etc.; but according to 

Ussher the beds near Torquay and Paignton are too much disturbed U> 

' admit of division into Lower and Upper Coblenzian. 

The Middle Devonian commences with slates containing Streptorhi/nchuf 
crenistria, Spirifer apecionts^ etc.^ overlain by thin limestones with Calceola 
tandalinoj etc. These represent the Eifelian or Calceola slates and lime- 
atones. — The limestone passes up without any line of demarcation into the 

> Ussher, Quart. Journ. Qeol. Soc. (1890), p. 487. 
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bedded Middle Devonian or Stringocephalus limestone, with the character- 
istic fossils.— In the Middle Devonian, there is in some parts of S. Devon 
A great series of tufBs, schalsteins and diabase masses, like those in the 
Lahn and Dill areas of the Bhine ; and these appear to have been erupted 
at the time of the deposition of the later stages of the Caloeola limestone 
and the lower part of the Stringocephalus limestone. 

The Upper Devonian begins with massive limestones which have yielded 
Rhynchotulla cuhoides, Productus subaculeattu, and other fossils of the 
•Ouboides beds of the Eifel (=Lower Frasnian of the Ardennes). These are 
followed by slates including limestone nodules, in which at Saltern Cove, 
^Silver Cove, etc., Cardicla retroatriataj Qaniatites, and Clymema are found, 
Lastly we find clay slates with Posidononiya venusta and EnlomU aerrato- 
atriata, which clearly are equivalent to the Cypridina slates of the Eifel. 

The whole series, as has been remarked byChampemowne, resembles that 
•of the Ardennes and the Eifel moi-e closely than it does that of N. Devon. 

The succession in North Devon is as follows: — 

(Pilton Beds. - Ffiacops latifrons, Avicula damtionienae, \ Lower 
Tj 1 nr J T» J i CucuUaea trapezium. ^ c > Carbo- 

-I'l— > Baggy and Marwood Beds. [LinaHla,nuanU/ormis,H ) niferous? 
' Pickwell Down Sandstones. No fossils. 
/Morte Slates, l^o fossils, 
a 1 die. i^iifracombe Beds. Streptorhynchtis^ Strinyoceplialua Burtini, 

i Hangman Grits. Myalina^ Cucidlaea, 
Lower, j Lynton Slates. Megalodon eucidlatumy Orthia arcuata, 
V Foreland Sandstones. Plant remains. 

The Hangman Grits may be the Foreland Sandstone repeated by a fault. 
'Tlie most distinctly marked horizon for comparison with other areas is 
that of the Ilfracombe Beds, which contain a Stringocephalus limestone 
like that of the Middle Devonian of the Eifel. 

The second or Old Bed Sandstone fades is made upoi some 
10,000 feet of massive red and greyish micaceous sandstone and 
marls, recalling the German Bunter sandstone, which have long 
been known in South Wales and Herefordshire as forming a founda- 
tion for the Carboniferous system, and which are also widely spread 
in Scotland and the Orkney Islands. In their fauna, their general 
appearance, and their almost universally horizontal position, these 
red sandstones differ greatly from the normal Devonian. They" 
<iontain none of the numerous trilobites, brachiopods, corals, or 
other common fossils of the latter, and indeed except a few land 
j)lants {Sphenoptcris, Lepidoden(lron\ there are scarcely any 
fossils except remains of large Crustacea {Pterygotu$ anglicuSj 
Eurypterus^ etc.), and of fishes, among which the remarkable mailed 
fishes or Placoderms — Pterichthys (XVIII. 4], Coccosteus, etc., 
< first adequately described by Agassiz*) — and other Ganoids are 

* " Monograph ie des poissons du vieux gres rouge " (1844). 
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especially abundant. In the Russian Baltic Provinces and in 
Podolia, and even in Spitzbergen and Greenland, the Old Red 
Sandstone facies of the Devonian is also developed. 

Some English geologists, on account of the presence of land 
plants, and of a bivalve oiitwardly resembling Anodontaj and also 
on account of the fact that the Ganoids of the present day are 
limited to fresh water, consider this facies to be a freshwater 
formation. But the occurrence of the marine genus ConiUaria in 
the English Old Red is opposed to this view ; and still more the 
frequently observed occurrence, in Germany and Russia, of mailed 
fishes along with brachiopods, crinoids, corals, etc. 

In 8. Wales and Hereford the Old Ked Sandstone forms a massive series 
of red, brown and green shales, flags, conglomerates, sandstones and 
•comstones, in which no unconformity has yet been detected, though one 
has been suggested by the observations of De la Beche and J. B. Jukes. 
The lower part of the series passes downwards quite gradually into the 
Upper Silurian, and contains fish and cmstacea, and also Liugida; the 
middle beds, consisting chiefly of brown sandstone, have yielded only 
EurypUrtu^ and Ceplialaspis ; whilst the upper part, which graduates 
upwards into the Carboniferous, contains Holojptycfiius, FterichHiys^ 
and land plants (Sphefiopteris, Kttorrta^ etc.). In some of these higher 
beds Serpula and Cofiularia have been found, showing a return of marine 
■conditions. 

Throughout the rest of Britain the series falls into a Lower and an 
Upper division, separated by a strong unconformity : — 

Upper. Tellow and red sandstones, conglomerates, marls, etc., 

passing up into the Carboniferous System. Hdoptydiius ^ JPterichthys 

niajor^ etc. 
Lower. Bed sandstones, conglomerates, flagstones and associated 

igneous rocks, passing in some places conformably into Upper Silurian 

— DipteruSj CoccosteuSy Cephalaspis, Plerygotua, 

These rocks are most completely developed in Scotland. According to 
i5ir A. Geikie, they were there laid down in four great and separate lakes, 
which he calls : — Lake Caledonia (between the Highlands of the North and 
the Upland countries of the South; it also extended into the North of 
Ireland); Lake Orcadie (North of Scotland, Orkneys, perhaps stretching as 
far as Norway) ; Lake Cheviot (East of Berwickshire and North of North- 
umberland) ; Lake Lome (flanks of South-west Highlands). 

In Ireland the Lower Old Red Sandstone is represented by the Fin ton a 
beds of Tyrone and the Glengariff grits of the South-west ; and the 
Upper division by conglomerates or sandstones overlying them. The 
higher parts in the South-west are known as the Kiltorcan beds, and 
•contain land plants and Anodon Jukesti. 

Russia. — In Russia Devonian beds occupy an extraordinarily 
wide area, many thousands of square miles in extent. The large 
4ind famous work of Murchison, De Verneuil, and Count Keyser- 
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ling, is the chief source of our knowledge of these rocks ; whilst 
among the works of later observers, the most recent by Th. 
Tschern3rschew,^ is the most important. The following chief areas> 
of Devonian rocks may be distinguished in Bussia : 1. The North- 
west, which stretches from Kurland through Livonia and the 
Governments of Pskow, St. Petersburg, and Novgorod, to the Whiter 
Sea ; 2. the Middle, lying in the country of Orel and Woronesch ; 
3. the Petchora area, in the basin of the river of that name ; and 
lastly 4. the Ural area, on the western slopes of the Ural Mountains. 

In the last mentioned area only are the beds disturbed, whilst 
elsewhere they lie horizontally. The Baltic region is interesting 
because here, as in Scotland, the Devonian is represented chiefly 
by red sandstones with mailed ganoids, and in the uppermost part 
of the series these are found together with the ordinary Devonian 
brachiopods and marine mollusca, and thus afford a striking proof 
of the equivalence in age of the normal Devonian and the Old Red. 
In the Dniester area also the same red sandstones are known. But 
here they pass downwards quite gradually into the underlying 
Upper Silurian, whilst in the Baltic area they cover the latter un- 
conformably. In harmony with this, the fishes of the lowest beds 
of the Baltic Sandstone agree, according to Lahusen, not with thos^ 
of the Lower, but with those of the Middle Old Red of Scotland. 

In the Central Russian and Petchora regions, as in the whble 
of North-western Russia, the Lower Devonian is entirely want- 
ing. The Middle Devonian is represented chiefly by limestones 
with Spirifer Anossofi and corals, the Upper Devonian by 
limestones with Upper Devonian brachiopods {Spirifer Archi- 
acij S. Verneuilty Rhynchonella citboides, and others) with which 
are associated on the Petchora dark bituminous slates with 
Gk)niatites (Oephyroceras intuniescevSj Ammo7ij etc.), the so-called 
Domanik Slates. In the Ural area also there are found 
limestones with Spirifer Anossofi and Stringocephalus Burtinij, 
Iberg Limestone, Clymenia Limestone, and Cypridina Slates, with, 
however. Lower Devonian Rocks also. Among the latter tho 
limestones on the upper Bjelaja River, and near Bogoslowsk, 
with Hercynian fauna (brachiopods of the Konjeprus limestone, 
Bohemian lamellibranchs [Ddiila^ Vlasta]^ gasteropods [HercyneUa 
and numerous Capulidae], Orthoceras cf. triangvXare, etc.), are 
especially noteworthy. Thus the development of the Devonian ii\ 
European Russia may be shown in the following tabular vi^w : — 

> Mim, du Comity g4ol, ru8$e (1884-89). 
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In Siberia also, ia the Altai, and in China, Devonian beds any 
known, which in development and in fauna resemble those of 
Russia and Western Europe. Here, however, ad also in Russia, somo 
of the species show relations to the North American Devonian. In 
Asia Minor and the Turkish Bosporus, in North and South 
Africa, Devonian beds are found (at the Cape with species of 
Homqlonotus and Cryphams, and Lower Devonian brachiopods). 

North America.— The Devonian of North America is more 
important than these, and occupies a larger area even than that of 
Europe. It forms: 1. in the East Coast Region (New Bruns- 
wick, Maine, etc.), a sandy and conglomeratic series (Gaspe Sand- 
stone) difficult to subdivide ; 2. in the Eastern Central Region 
(typically developed in New York, but found along the whole chain 
of the Appalachians to West Virginia, and also in Ohio, West 
Canada and Michigan) sandstones, slates and limestones which 
contain a number of various, and in part very rich, faunas; 3. in 
the Interior Central Region (Iowa, Missouri, Illinois, Indiana, 
etc.) a marly limestone series, which harbours a fauna that every- 
where remains nearly the same, and represents the whole of tho 
faunas of the eastern Central Region; and 4. in the Western 
Central Region (Nevada), a calcareous slaty series, the fauna 
of which also shows no considerable changes. 

The Devonian of the New York State, which has become classical 
through the works of J. Hall, will serve as an example of the con- 
stitution of the North American Devonian in general: — 

1. Catskill groupf red and green sandstones (like the Old Ked) with 
iiflh remains {Hdoptijchiua), 

2. Chemung group, sandstones and slates with Spirifer VemeuUi^Pra- 
ductus 8ubaculeatu8j etc., Goniatites, and many land plants. 

3. Portage group, slates and sandstones. Near the base nodular 
limestone with Ooniatifes Patersoni (very close to, or identical with, G.- xh- 
tumeHcen8\ Cardioia retrostriata (—tpeciosa^ Hull), etc. [Naples bedr*]. 
Kecently a Clymenia (C neapciitana) has been found in this group. 

4. Genessee Slates and Tully Limestone, black slates with poor 
fauna, and limestones with RhynchoneUa venustula {—cuboides), 

5. Hamilton beds, calcareous sandy slates with Phctcaps bufo^ Ilowa- 
lonolua Dekayiy CryphoBua caliMes^ many brachiopoda (among them tlie 
Kussian i^'pirifer Anosaqfi)^ corals, etc. 

0. Marcellus beds, black slates with Goniatites expansus, etc., KautiiuSy 
etc. 

7. Corniferous Limestone, limestone with flint nodules, containing 
Dalmanites (in part Odoniochile)^ Pro&us, Conocardiunij Spirifer acuminatum 
(like cultrijugatus)^ Sp, gregariugj etc. 

8. Onondaga Limestone, Schoharie grit, Cauda galli grit. The 
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first a limestone poor in fossils, the second a calcareous sandstone ivith a 
peooliar Alga (?), Fitcoidea cauda gaUi, 

9. Oriskany Sandstone. Coarse-grained sandstone with Henueiceria 
ovoidea^ Spirifer arenoiNSy etc. 

10. Lower Helderberg group with Upper P(«?/oni«r«« Limestone, Z>«^ 
thyru Limestone, Lower Pent/tmerus Limestone, and Stromaiopora Lime- 
stone. 

The whole series, which is many thousand feet in thipknoss^ 
and is but slightly inclined, rests, like the Devonian of Bohemia 
and the Eastern Alps, conformably and without break on th& 
Silurian, and is covered conformably by the Carboniferous. The» 
divisions 4, 5, 6 have been grouped together as the Hamilton 
group, 7 and 8 as the Upper Helderberg group. Tho- 
Glymenia Limestone is absent in North America ; yet the divisions- 
1-4 are recognised without difficulty as belonging to the Upper 
Devonian. The Hamilton and the Marcellus beds (the latter of 
which remind one of the Wlssenbach schists), represent the Middlo 
Devonian; and the lower beds correspond with the Lower De- 
vonian. Most of the American geologists, indeed, refer the* 
Oriskany Sandstone, and all refer the Lower Helderberg beds, to^ 
the Upper Silurian ; but since the faima of the sandstone has been 
observed in Canada interbedded with Upper Helderberg beds, the: 
reference of this fauna, at least, has become untenable. The 
Lower Helderberg beds must also be referred to the Lower 
Devonian ; for if, as appears inevitable, we consider the Upper 
Helderberg beds and the Oriskany Sandstone as the approximate 
equivalents of the West European Coblenz beds, and of the 
Siegen Grauwacke, there would be in North America no equiva-^ 
lent of the deepest beds of the Lower Devonian, the Gedinnien. 
That the Lower Helderberg group represents such an equivalent ia 
shown by its fauna, which includes the Odontochile^ Capulidse, and 
broad-winged Spirifcrs of the Hercynian of Western Europe and of 
the Ural. Lastly, both in Maryland and New York (Beakraft's 
Mountain, near Hudson), Newberry, T. Clarke and others have 
recently discovered beds which contain a mixture of Lower 
Helderberg {Dalmanites, etc.), and Oriskany {Renssclcoria^ etc.) 
forms. 
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PALEONTOLOGY OF THE DEVONIAN, 

The general palseontologlcal character of the Devonian System is 
very similar to that of the Silurian. This is true especiaUy of the 
chief constituents of the calcareous beds, the corals and brachio- 
pods, which at first sight are so like those of the Silurian that the 
older palaeontologists considered the faunas of the Upper Silurian 
Gotland Limestone and the Middle Devonian Eifel Limestone of 
the same age. A careful examination, however, soon shows that 
the points of resemblance are accompanied by many important 
differences. 

The Devonian Corals, like the Silurian, belong chiefly to the 
groups of Bugosa and Tabulata. Among the former the most 
prominent in this formation also are the Gyathophyllidse (with the 
chief genus Cyathophyllum [XVI. 2, 3]) ; among the latter the 
forms Favosites, Alveolites , Heliolitcs (XVI. 7), Cy8tiphyUum(KYI. 
4) and others. But the genus IlalysiteSy so characteristic of the 
Silurian, is absent in the Devonian ; whilst in the latter the opercu- 
late Calceola (chief species sandalina [XVI. 6]), the genus Pleuro- 
dictyum^ so widely spread in the Rhenish Lower Devonian (chief 
s^cieaprdblematicum [XII. 2]), and PhilUpsastrcea [XVII. 9] — the 
most important reef builder in the Upper Devonian — are of great 
importance. 

Amongst the Hydrozoa, the Graptolites, so important in Silurian 
beds, are already practically extinct. In the Lower Devonian of 
Bohemia, and the Harz, a few simple graptolites are found. A 
graptolite has also been found in supposed Lower Old Bed Sand- 
stone of Lanarkshire in the S. of Scotland, and at a similar 
horizon in North America a graptolithid {Dictyograptv^). 

Echinodermata are represented, as in the Silurian, chiefly by 
Grinoids. Among them the genera Ctenocrinus (XII. 1), peculiar 
to the Devonian, and Cupressocrinus (XVI. 1) (the latter with four- 
sided stem, pierced by five canals), are especially important. The 
Cystidea, which play so important a part in the Silurian, have 
almost entirely dwindled away, whilst the Blastoidea, which are 
so richly developed in the succeeding Carboniferous epoch (espe- 
cially the type Pentremites), are still rare. 

The Brachiopoda exceed all the other groups in abundance and 
variety. Among them we miss altogether many Silurian forms 
such as Porambonites^ Flatystrophia^ Orthisina, etc., whilst 
Strophomena and Orthis are much reduced. In place of these 

c. G. I 
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I. CtflioeWnui typu^ BroDn 
(cum, Ooldf. S. K«iuHlarui ttrigictv, P. B«in. t. Orthjt tn/ttirltt, Omel, a 
vsB r>1>«. (. CliMulM vMfWi Sobnnr. 0. Spitifir diwnwiii, £>;•. 7. Hwulmtdit 
muteMda, Suidb.. UiUbfeM. 
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«T(phut. Dafr. 4. AthtrU (nnonlrica, V. Buch, with doTMil vklva partlj broken ■<nT. t. 
Curlina IwlfrixliU, DeTr. «. JVnlonurua^tinlui, Diloi. 7. Stnnfocfphnliu Burlini, Dsfr. 
. 8. Orttiii ((naiatn, Schl. S. 8lr<]>liirhvncliiu <im»rac<iliim,acb1. 10. Vi^ItdoncxcuUaliin, 
Goldr. 
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2(x() 6(xj) 

PtiTE XV.— Middle Devoniu FowUk. 
I. PhacBTt BchMMmi, Broon. li. Th« nma rolled ap. t. tlvnetnt ntdMum, Ooldt. 
I. Flnretonaria dilpJtinulAidii, Ooldf. i. Mvmhimmia MltnHto, Goldf. t. HucrKliilu 
irculnluiii, Sshlotli. e. Skodoorinui crmaliu, Goklt. 
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PLin XT1.— Middle DcTonlui Condi um Criaolds. 
1, diynnomnm eruHH, Qoldf . 2. CyalJuphylthnhinipimiimi Ooldf. 
Ooldl. *. CvNiplivUiin Hnnloium, Goldf. S, Aultpm ' ' ~ 

•■■daliiH, Lam. 7. HalwIitH puma, Ooldl. 7l. Ttuiiti 
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Pliii XVU.— Opjwr Dovonii 

Oon. (PnUeoniKi) ttmuticorto, BuSli. 3. Oon. (Tvniwstnu) ntnpltc, t. Buofa. 4. CIvmHia 
undiilats, V. UOnn. 4i. TnuurerM uoUoa of luat. t, BodritH iltfaiu, Suidb. 8. 
n>l«nH> Mmlnlnala, Suidb. ti. The aune enlu^d. 7. Pliaciif§ (TrimfrMfphalut} 
AMXgpUJUlniiii, Xaunr. 7i. Tbe wuna «nlu)(ed. 8. Cariluila rtlnxtrioto, v. Bnob. 8i. 
Th« Mime enUrgsd. 0. Ptiittiptatliaa Htntuii, LoDsd. 
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iHill from tha Upper DsvODioD (1, S), Old Red (3, t) luid UeicyaiBn 16). 
lili, March. I. Sh)incK(mrlIa cnbtridfi. Sow, , fram Die Front. S. HiHtp- 
^ Agws. *. PltricMhy wrrmla. P«nd. B. Oolmmif.. {(Montocliilf 




I. RfrMccnu (Httvtiniulatiini, Sondb 
3. e»Ti. (Xphyllila) occulhu. Bur. 4. 

Qlebal. 7. BhviuhcnMtIa Hnriti, Barr. 
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there appear as new forma, iu part pecaliar to the DevoDian, 
certain genera of Terebratulidce, Stringocepfudua (XIV. 7), 
Renatelmria (XII. 3), MeganterU (Fig. 16), etc. ; and the long- 
beaked Uncites (XIV. 3), the fixed Davidsonia, and the genera 
Productiis and StropluUosia with their ebells clothed with hollow 
spines, which reach their fall development in Carboniferone and 
Permian rocks. The most widely spread forma are Spirifer 
(among them especially the broad-winged Bpecies [XII. 6], those 
with bifarcating ribe, and those in which not only the sides but 
also the middle part of the shell is plaited [XVIII. 1]), Rhynchonella 
(XVni. 2, XIX. 7), Aihgris (XIV. 4), Atrypa {Atrypa reticularit 
(X. 4] is an especially widely spread species, ranging from the 
npper Silurian right through 
the whole of the Devonian), 
and OHhis (XIV. 8). 

Among the Lamelli- 
branchs, Pterinen (XIII. 2), 
Grammysia (XIU. 8), 
Modiomorpha, Goniophora, 
Nucukt,Leda, Cardiola {re- 
trostriata [XVII. 8], in the 
Upper Devonian), L/ticina 
and Megalodon (XIV. 10), 
must be mentioned as abun- 
dant ; among the Gastero- 
poda, Heurotomaria (XV., 

Ki«. H.-M.Ba«l«*. ArchUxci. Vern. from tbe 3) MuTChiiOnia (XV. 4), 
Lower Devontan of the Birel (with the doraid shell HatyCCrOS (Capulus [XIX. 
broken opm to ihow the long internal loop). /.i, j ii- ji/ t> ii 

6]) and allied forms, Bellero- 
phon and others ; whilst among the Pteropoda the small Styliolinas 
(with smooth shells), and Tentaculites (with transversely ringed 
shells, point«d at one end, open at the other) are important on 
account of their abundance in certain beds. 

The Cephalopoda include some of the genera which are found 
also in the Upper Silurian, such as Orthoccras, Cyrtoceraa, Gom- 
phoceras and Phragmoceras. Some of the Silurian genera how- 
ever have already become extinct, like Aacoceras, while others, 
such as Gyroccras (XV. 2) and Ilercoceras (subtuberculatum (XIX. 
1), date their birth from the Wissenbach Slates and the Hercynian 
Ijimestonee. Among the most important forms that are quite 
absent in the Silurian but are found in the Devonian are the 
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Ammonitidae. The chief of these are the OonicUiteSj characterized 
by simple undivided sutures. In the Lower and Middle Devonian, 
the genera Anarcestes (lateseptattis [XIX. 2]), AphyUites {evextis 
«tc. [XIX. 8]), Pinacites and Mimoceras {gmcile) are especially 
abundant : and in the Upper Devonian Gephyroceras {intumescens 
(XVII. 1], etc.), Tomoc€r(M {simplex [XVII. 8]), Belocercts^ Prole- 
canites {Becheri and luniUicosta [XVII. 2]), Sporadoceras {Bronni), 
With these there occur in the Upper Devonian of Europe and the 
Ural region (but not in America^) the exclusively Upper Devonian 
form Clymenia (XVU. 4), which is distinguished chiefly by the 
position of the siphuncle on the internal side of the spiral, a 
character found in this alone among the Ammonitidse. Lastly the 
peculiar genus ^ocMte^ (XVII. 6) resembling OrtJwceras in its staff- 
like form but furnished with a siphonal lobe, should be mentioned. 
Among the Articulated animals the Trilobites play the most 
important part in the Devonian, although they no longer occur in 
the same abundance and variety of form as in the Silurian. The 
Phacopidffi are especially important. Besides the type genus 
Phacops (in the Middle and Upper Devonian, especially Ph. 
latifrons and Ph, Schlotheimi [XV. 1); in the Hercynian Ph. 
fecundus and its allies [XIX. 4]), Cryphazus and Dalmanites belong 
to this family. The latter genus scarcely passes beyond the Lower 
Devonian, and is richly represented in the Bohemian and Harz 
Hercynian, as well as in the American Helderberg beds, by Icurge 
forms of the D. Hatutmanni group (subgenus Odontochile [XVIII. 
5]). The genus CryphoBUS (XIII. 1) which reaches up to the 
Upper Devonian, is formed essentially like Dalmanites ; but the 
tail is distinguished by its eleven ragged or thorn-like marginal 
appendages. From the Upper Silurian there pass up into the 
Devonian, HamalonotvSj Pro^tus^ Harpes^ Cheirurus, Acidaspis^ 
Lichas and Bronteus, and also more seldom Arethusina and 
Calymene. Some of the Devonian species of Bronteus show 
several peculiarities : thus Br. speciosus^thysanopeUis (XIX. 5), 
which is very wide-spread in the Hercynian, is distinguished by 
spiny appendages to the border of the tail shield (subgenus Thy- 
sanopeltis). The Devonian species of Cheirurus also differ from 
the Silurian in the structure of the glabella (subgenus Crotal(h 
cephalwi). The genus Dechenella^ allied to Pro^tus, is peculiar 
to the Devonian. 

' Clymenia neapditana has recently been found in the Portage group of 
T^orth America. 
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Of the Crostacea, other than trilobites, the EurypteridsB, already 
mentioned in the account of the Silurian rocks, are found also in 
the Devonian (especially in the Old Bed Sandstone facies) ; and 
the small Entomis {Cypridina) serrato-striata (XVII. 6) is an 
abundant form in the European Cypridina slates. 

Vertebrates are represented in the Devonian only by fishes ; and 
these show such great peculiarities that the Devonian fauna 
receives its peculiar stamp chiefly from them. The most impor- 
tant place is taken by the Ganoids ; to which group belong the 
remarkable families of the Cephalaspidse and Pteraspidae, which 
have already been found present in the uppermost Silurian. 
Along with these the peculiar family Crossopterygidss, represented 
at the present time chiefly by Polypterus, is strongly developed. 
In this group the scaly pectoral and ventral fins are provided with 
a long axis, the tail fin is usually unsymmetrical (heterocercal), 
and the spine is continued to the point of the upper lobe. To this 
family belong the genera HoLoptychius (XVIII. 3) and Glyptoiepis 
with large rounded enamelled scales, and Osteolepis, etc., with 
rhombic enamelled scales. But the chief part among the Devonian 
fishes is taken by the mailed ganoids or Placoderms, the most 
remarkable fishes that have ever lived. All are distinguished by 
the fact that the head and anterior part of the body were protected 
by large, bony plates, generally sculptured in a radial fashion, 
whilst the hinder part of the body was covered with rhombic 
scales of enamel. To this group, which is most abundant in th^ 
Old Red but is not unknown in the normal Devonian, belongs the 
small, strange-looking genus Pterichthys (XVIII. 4), with its wing- 
like scaly pectoral fins (so called Eudder-limbs), which on its first 
discovery was considered to be a link between fishes and birds. 
The large form Coccosteus, the gigantic Dinichthys and many 
others are also members of this group. 

The remarkable group Dipnoi, which possesses both gills and 
lungs and is represented in the present world by the genus 
Ceratodtis, was also present in the Devonian. To this group 
belongs for example Dipterus, Lastly, the Rays or Squalid», 
which begin to appear in the Silurian, are represented in the 
Devonian period by various families. 

The Flora of the Devonian system is but little worthy of remark. 
To the seaweeds belong the Haliserites Dechenianus which is 
abundant in the Rhenish Lower Devonian, and probably also the 
peculiar, spirally curved Fticmdes cauda galli. The few land 
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plants hitherto known here and there, for example from the 
Tanner Grauwacke of the Harz, show a culm-like character. In 
the North American Devonian the genus Psilophyton, the position 
of which is still uncertain, is of some importance. 



E. CARBONIFEROUS SYSTEM. 

GENERAL AND HISTORICAL. 

The name of Carboniferous or Coal-bearing System has been 
applied to a series of conglomerates, sandstones, grauwackes, clay- 
slates^ limestones, marls and coals, which in many places reaches a 
thickness of 10,000 feet and more, and has its normal position above 
the Devonian and below the Permian. .In many areas, as, for 
example, in England, Belgium, Westphalia, and Russia, the Car- 
boniferous beds lie conformably and without break on the newest 
Devonian ; and frequently, as in the Saar region, Bohemia, Russia, 
and Texas, they pass upwards without any sharp line of demarca- 
tion into the Permian. Elsewhere so close a connection between 
the Carboniferous and the under- and over-lying formations is by 
no means universal. On the contrary, after the deposition of the 
Lower Carboniferous, the sedimentation was in many places 
interrupted, so that there is a gap between the Upper and Lower 
Carboniferous, and — as throughout the eastern border of the 
Rhenish Schiefergebirge — the former follows unconformably on the 
folded beds of the older division. At other places, as near 
Pilsen, St. Etienne, etc., the whole of the lower half of the Car- 
boniferous is entirely absent ; as the result of an extension of the 
sea, commencing at the beginning of the Upper Carboniferous 
period, the Upper Carboniferous here rests immediately on old 
Palseozoic or Archaean rocks. 

The name Carboniferous System (Conybeare) (terrain bitumini- 
f^re [Omalius d'Halloy, 1808], houiller or carbonifere, Kohlen- 
formatibn), originated at the time when it was still thought that 
each formation was distinguished by a special kind of rock peculiar 
to itself. Just as at that time oolite was considered characteristic 
of the deposits of the Jurassic period, grauwacke of the PalsBozoic, 
sp it was supposed that coal was essentially characteristic of the 
Carboniferous period. So far as concerns coal, we know that 
it occurs in various other formations sach as the Kimeridgian, 
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the Wealden, etc. ; nevertheless it remains true that coal seams 
are present in no other formation, in such abundance, or of such 
great extent and thickness as in the Carboniferous, so that th& 
name Coal formation even now seems not inappropriate. 

Like the name ifllllf, the attempts at classification of the Car- 
boniferous reach back to the early part of our century. After 
the early essays of Omalius in Belgium, Conybeare and Phillips ^ 
in 1822 divided the Carboniferous of the North of England into 
the groups still commonly recognised at the present day. They 
distinguished a lower calcareous division, the Mountain or Carboni- 
ferous Limestone; and an upper coal-bearing division, the Coal 
Measures (W. Smith, 1817) with the underlying Millstone Grit. 
It was very soon recognised that the equivalent beds of the Conti- 
nent were of much the same constitution, and that here also, 
a lower calcareous series, the Carboniferous Limestone, and an 
upper sandy and slaty, coal-bearing series, could be separated. 
But it was not till the second half of the fourth decade that Mur- 
chison and Sedgwick recognised that the lower division is not 
everywhere represented by limestone; but that on the other 
hand — as was first shown in Devonshire and afterwards in the 
Rhine area — it often forms a sandy and slaty series, which is 
especially characterized by the abundance of the bivalve Posi- 
donomya Becheri, To this facies they gave the English local name 
Culm-measures,^ and this name has since passed into common use. 

The Carboniferous Limestone has usually been considered a 
deep-sea formation, while the Culm has been supposed to be a 
shore or shallow-water deposit. But Holzapfel has justly pointed 
out the improbability of these views. The numerous reef- 
building corals, thick-shelled gasteropods, and large brachiopods 
of the Carboniferous Limestone, the comparative rarity of 
cephalopods, certainly point rather to a shallow than a deep sea ; 
whilst on the other hand the monotony and poverty of the Culm 
fauna, in which moreover cephalopods are much more numerouii than 
in the Limestone, would prove it with much greater probability 
to be a deep-water formation. For the Cephalopod Knollenkalk 
(nodular limestone) so widely spread in the Culm, no other 
view seems admissible ; and it is only the coarse conglomeratic 

^ *' Outlines of the Geology of England and Wales.*^ 

* Prof. Leboor has shown that the*' Calm*' of Devonshire includes higher 
beds than the " Kalm " of G^ermany, though the two are approximately 
equivalent. 
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grauwackes with numerous plant remains, that can well be con- 
sidered as coast formations. 

The division of the Carboniferous formation into two parts has 
proved generally applicable. For the Lower Carboniferous, the 
term Sub-Carboniferous has sometimes been employed, especially in 
America, whilst the Upper Carboniferous in Germany is often 
known as productive Carboniferous, a miner's term introduced by 
V. Dechen, 

Throughout Germany, Belgium, North France and England, 
the Carboniferous Limestone contains a rich and varied marine 
fauna, while the Productive beds contain numerous land plants, 
but very scanty remains of marine animals. It had long been 
supposed that this was the case over the whole earth. But some 
fifteen years ago it gradually became clear that certain rocks 
which are widely spread in European Bussia, and which were 
formerly compared with the Carboniferous Limestone of Western 
Europe, are probably equivalent, not with these beds, but with our 
Productive Carboniferous.^ This Upper Limestone, which contains a 
rich marine fauna, has been called (to distinguish it from the Lower 
Carboniferous Limestone) the Younger Carboniferous Limestone, 
or, from the remarkable abundance of Fhcsilina, the Fusulina 
Limestone. We know now that it is by no means limited to 
Bussia, but is found, always with nearly the same fauna, over large 
areas in Southern and Eastern Asia and the western part of North 
America, and that it also occurs locally in Southern Europe. Thus 
there is a wide difference between Bussia and parts of North 
America on the one hand, and Western Europe on the other, and 
we have two distinct facies of each of the great divisions of the 
Carboniferous System, as is shown in the following scheme : — 



Littoral and LaonBtrine faciei. | Marine facies. 



0.08 
DO 



-- -»_j ^. « , .. Younger Carboniferous, or 

Upper Productive Carboniferous ^^^Un» Limestone 

(Western Europe). | ^g,,^.^ ^^^ 



5,0 ' Lower Productive Carboniferous ^ , y^^^ ^ 
i d ^-D^oo;. ^♦y* \ Carb. Limestone, 

^5 ; (Bussia, etc.). (Western Europe). 



Culm 
(Germany). 



Another advance, of recent times, concerns the classification of 
the Carboniferous System according to the character of its flora. 

* Cf. V. Moller, " Congr6s intemnt. de GWologie de Paris (1880)," p. 111. 
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It had long been remarked that the flora of the Culm (especially 
characterized by the preponderance of Lepidodendron [8agenaria\ 
and Sphenopterids) was considerably different from that of the 
Productive Carboniferous. In the middle of the century, Geinitz,^ 
on the ground of his studies of the distribution of the plants of the 
Saxon Coal-formation, established, for the Productive part, four 
Plant zones, viz., in ascending order, the Sigillaria, Calamite, 
Annularia, and Fern zones. Instead of these he afterwards 
recognised only two subdivisions, viz., that of the Sigillarias, and 
that of the Calamites and Feigns. The three subdivisions, which 
we thus obtain for the whole Carboniferous formation, viz., the 
Sagenaria, the Sigillaria, and the Calamite and Fern zones, have 
now been proved applicable — as the observations of E. Weiss, 
Stur, Zeiller and others have shown — not only in Saxony, but 
also in Bohemia, Silesia, the Bhine area and France, and they 
have even been recognised in South Africa and China. 

Geologists have also endeavoured to establish a further sub- 
division of the Carboniferous Limestone. This has been accom- 
plished in Belgium by de Koninck, Dumont, Gosselet, and Dupont. 
But the results there reached seem to be of general validity only 
in one point, viz., in the limitation — repeated also in Russia, but 
not in England and elsewhere — of the important fossil Productus 
giganteus to the upper part of the Carboniferous Limestone. 

The Carboniferous period was in Europe a time of great earth 
movement. The overlap of the Upper Carboniferous, already de- 
scribed, is a proof of this. The greatest disturbances took place 
at the close of the Culm epoch. Over a wide area the beds formed 
before that time, which often follow one another from the Silurian 
upwards without any considerable disturbance, were then up- 
turned and folded. Side by side with these movements took place 
the eruption of large igneous masses, especially of porphyries and 
diabase-like rocks. Thus in Silesia, Saxony, and in the Saar 
region, we meet with numerous outbursts as well as interbedded 
sheets of such rocks in the sedimentary deposits of the Carboni- 
ferous formation. Moreover, many of the granite rocks of Germany, 
such as the granite and gabbro of the Harz, and probably the 
granite of the Fichtelgebirge, are of Upper Carboniferous age. In 
France and Britain also, similar eruptive rocks are not wanting. 
In the last named country, Scotland especially, during the Car- 

1 ^'GteogiL Darstellung d. Steinkohlenform. in Sachsen *' (1856). 
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boniferoiiB period, was the scene of vigoroas eruptive actioil (Fig. 
IG) ; and in Derbyshire also we find in the CarboniferooB Jjime- 
atone contomporaneouB massea of baaalt, locally knovni as toad- 
stones. In China again, according to Bdchthofen, the greatest 
«mptiona of melaphyre, porphyrite, and quartz porphyry took 
plaoe at the end of the Carbonif eroos period. 

DISTRIBUTION AND DEVELOPMENT OF THE 
CARBON IFEBOaS, 
Prom the foregoing remarks it will be clear that there are two 
great facies of C^irboniferons rocks in Europe. In the first of these, 
which we find m Weetem and Central Europe, the lower part of 
the system is marine, and the upper is littoral and lacnstirine ; 
while in the second, which is best known in Riissia. the conditions 



in tha Weit Coutol 



are revereed— the lower part ie littoral, and the upper marine. 
The CarboniferouB rocks of Southern Europe are of mixed charac- 
ter, and pass into the Russian facies towards the east ; and it will 
be convenient to group the Carboniferous areas into those of(l) 
Central and Western Europe, (2) the Mediterannean, (3) Russia. 
In each case the changes which the beds show will be traced from 
west to east. 

Central and Western Europe. 

British Isles.— In no part of Europe does the Carboniferous 
system cover so wide an area as in the foitish Isles. It occurs 
both in England and Wales, and also in Scotland and in Ireland. 

The Lower Carboniferous belongs mainly to the Limestone 
or calcareona facies of this division of the system, and it ia only 
in DevouBhire that we meet with the Culm facies. In the south- 
west of England (omitting Devonshire) it is represented by a series 
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of skales and limestoneB, which in the Bristol area may be grouped! 

as follows : — 

Upper Limestone Shales. 

Massive Limestone (some shales included). 

Lower Limestone Shales. 

Passing northwards, the limestone in the centre of England is^ 
very much thicker (Derbyshire, N. Wales, etc.), while the lower 
shales have almost disappeared. The Upper Limestcme Shales 
appear to be represented by limestones, shales, and sandstones, 
which form what is known as the Yoredale series, containing 
GoniatUes LiHeri, Posidonomya BecJieri, (XX. 4), AviciUopecten 
jpapyracevs (XXVII. 4), etc. 

Still farther to the north the massive limestone becomes broken; 
up by beds of shale and sandstone, which increase in thickness at 
the expense of the limestone, until in Northumberland the whole- 
group becomes a series of alternations of sandstones, shales and 
limestones, with beds of coal. * They are divided by Prof. Lebour* 
into — 

Bernician Series. Alternating beds of limestone, shale and sand- 
stones, with workable seams of ooal. 

Tuedian Series. Yellow sandstones, shales, clays with cement-stones. 
Conglomerate at base. 

The same rocks are somewhat differently grouped by Hughi 
Miller, as follows : — 

*y I Fell -top division. Sandstones and shales, some coal and 

Lim^tone-I limestone, 

a.^*^ I Calcareous division. Sandstones and shales, with coal and 

many beds of limestone. 
/•Carbonaceous division. Mainly carbonaceous; limestones- 
thin; ooal. 
Tuedian division. Mainly sandstones above; sandstones- 

and shales, with cement-stones below. 
Conglomerate. 

Still going northward, the amount of limestone continues to* 
decrease and the coal to increase, and in Scotland we have the- 
foUowing succession :— 

Carboniferous r Upper or Limestone group. 

Limestone -| Middle Coal and Ironstone group. 

Series. ILoWer or Limestone group. 

Calciferous fyy n *. x 

Rft. J f J '^PP®'" ®' Cement-stone group. 
Q^ ? ^® 1 Lower or Eed Sandstone group. 

In the border counties the Calciferous Sandstone series has- 



Series. I 



Lower 

Limestone. 

Series. 
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recently yielded an extraordinary number of phyllopodB and 
scorpions, which have not as yet been fully described. 

In Ireland the Carboniferous Limestone Series covers by far 
the greater part of the country. There is the same change of 
character as we go northward, that we get in England. In the 
southern counties we have a group of shales and slates (''Carbon- 
iferous Slate") below the limestone, just as in the Bristol coal- 
field. In Clare, Tipperary and Queen's County, the series is 
formed by a massive limestone, more than 3,000 feet thick, which 
contains peculiar bands of chert; while as we go northwards the 
amount of limestone decreases, till in Antrim the succession closely 
resembles that in the South of Scotland. 

The so-called Culm Measures of Devonshire consist in their 
lower parts of an alternation of clay-slates and sandstones, siliceous- 
slates, and impure limestones, the latter of which contain as char- 
acteristic fossils Posidonomya Becheri, Chniatites {O. sphcerictis^ 
[XX. 5], and O. mixolobm) and Orthoceras striolatum. The upper 
division, on the other hand, is composed exclusively of dark 'Sand- 
stones and clay-slates, and, near the lower boundary, of impure 
coal beds (Culm). These are often considered as the equivalent of 
the Millstone Grit. 

The Upper Carboniferous begins almost everywhere in the 
British Isles with the Millstone Grit, a coarse sandstone locaUy 
reaching several thousands of feet in thickness, accompanied by 
conglomerates and shales. Besides remains of land plants it 
occasionally contains a few brachiopods, cephalopods, Posidanamyay 
FfiiUipsia [XX. 8], etc. 

It is followed by the Coal Measures, which consist of shales,, 
sandstones, and coals, in many places reaching a thickness of 10,000* 
feet. They form a number of basins which were originally con- 
tinuous with one another, but have since been separated by two 
series of folds, running nearly N. to S. and E. to W. The result 
of these and of subsequent denudation has been to divide the Coal 
Measures of England into a number of distinct fields, of which the 
largest and most important are (1) Bristol and Somerset, (2) South 
Wales, (3) North Wales, (4) Staffordshire, (5) Yorkshire, Notting- 
hamshire and Derbyshire, (6) Northumberland and Durham. In 
the coal-fields of the south-west the Coal Measures are usually 
divided into — 

Upper Series. Sandstones, shales and coals. 

Middle „ Chiefly Sandstone (Pennant Grit). 

Lower „ Sandstones, shales, and coal with ironstone in S. Wales. 
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Lx the coal fields of the centre of England the Lower Series con- 
sists of shales and sandstones, with bat little coal, and often con- 
tains marine fossils. The Middle Series yields the greater part of 
the coal, and at various horizons contains bands full of Anthracosia 
(XXVn. 5), etc. Lastly, the Upper Series consists of clajrs and 
grits, with little or no coal, and is especially characterized by a 
bed of limestone with Spirorbis. The South Lancashire coal field 
may be looked upon as typical of this part of England, and there 
the beds are grouped as follows : — 

Upper (Ardwick) Series. Shales, sandstones, and limestone with 
Spirorbis, Anthracotia, Antkrcboomya, Fish-remains. Thin coal-seams. 

168(y-2000'. 

Middle Scries. Sandstones, shales, clayey and thick coal-seams. 
Fish-remains. Antliracosiaj Anthraeomya^ plants. dOOC-^OOO'. 

Lower (Ganister) Series. Flags, shales, and thin coals with Ganister 
floors and shale roofs. OonuUUes Litieri, Aviadopecten papyraceus^ and Spir- 
orbU found at Billinge and Upholland. 14OO'-2000'. 

In the Northumberland and Durham coal field the succession is 
very similar; but the Upper Series is perhaps not fully represented, 
and the Spirorbia limestone is unknown though Spirorbis itself is 
<;6mmon. 

In Scotland the Millstone Grit is represented much as it is in 
England. The Coal Measures are divided into a Lower Series of 
sandstones, shales, coals, etc., with a flora resembling that of the 
Lower Coal Measures of the North of England, and an Upper Series 
•of red sandstones and clays with a band of Spirorbis limestone. 
The Middle Coal Measures appear to be absent, and the Upper 
Series is slightly unconformable on the Lower. 

The fossils of the Coal Measures of Britain are mostly land plants, 
but they include also remains of land and fresh-water animals 
{Crustacea, Insects, Spiders, Millipedes, Fish, Stegocephalous Am- 
• phibia). In the Lower Series a marine horizon with GoniatiteSj 
•etc., of wide distribution is found at a little distance above the 
Millstone Grit ; in the Middle Series there are a number of beds 
full of Anthracosia and Anthracomya,^ and in the Upper Series 
is found the marine Spirorbis limestone, with Spirorbis and other 
marine fossils. 

Belgium and the Rhine.—The Carboniferous rocks of the 
Mendip Hills in England, striking nearly easterly, are covered by 

* AtUhr<»co8ia and its allies are known to the Belgian geologists as Car- 
diniaj and are regarded by them as purely marine forms \ but they appear 
rather to be estnarine. 
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the more recent deposits of the London Basin and the S.E. of Eng- 
land. Following the direction of their strike, however, they 
reappear in the Bonlonnais and are fonnd below the later deposits 
of Artois and Flanders. They again crop out on the sarface in 
Hainault and form a long belt stretching away towards Li^ge and 
Aiz-la-Chapelle. Here they are covered by Tertiary beds and the 
alluvium of the Rhine ; but on the right bank of that river form 
the large basin of the Ruhr in Westphalia. Lastly a couple of 
small patches of coal-bearing Oarboniferctus rocks near Ibbenbtlren, 
and at Piesberge near Osnabruck, to the north of the Ruhr basin, 
must be referred to this group of outcrops. 

- This belt of Carboniferous rocks is closely connected both in 
position and structure with the Schiefergebirge of the Lower Rhine ; 
though only the lower part of the series enters into the formation 
of these mountains, whilst the productive Coal Measures do indeed 
rest against the old rocks of the mountain mass, but in the main 
occur beyond them. Throughout the northern border of the 
Schiefergebirge both divisions of the formation occur; botii mre 
conformable to each other and to the underlying Devonian beds, 
in all the foldings of which they share. 

Throughout the part of this belt that lies to the West of the 
Rhine, the Lower Carboniferous consists exclusively of Car- 
boniferous Limestone, a massive, semi-crystalline, dark or light 
coloured limestone (more rarely dolomite), which may reach more 
than 2,000 feet in thickness. The numerous fossils found in it — 
for which Toumai and Vis^ in Belgium have long been famous — 
have been worked out by de Kouinck.^ He was the first to notice 
the palseontological difference between the limestones of these two 
localities ; but did not connect this difference with difference of 
age. In more recent times Oosselet and Dupont have occupied 
themselves with the classification of the Belgian Carboniferous 
Limestone ; and they recognise three chief divisions, in descending 
order : — * 

YiaA Stage. Large Produdi (P. giganieus [XXII. 2], undatuSy cora% and 
ChcmeUs camoides. 

Waalflort Stage. Spirifer cuspidatus. 

Toumai Stage. Spirifer nnctusy Sp, tarnctcenais (erroneously described aa 
Sp, moiqueruis). 

^ " Desoriptions des animaox fossiles da terr. carb. de la Belgique ^ (1842- 
44, Supplement, 1851). " Faone da calcaire carbonif^e de la Belgiqtae ^* 
(1878-88). 

* Gf . Goeselet, <* L*Ardenne '* (1888), p. 615, et seq. 
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Near Aiz-la-Chapelle and in the neighbourhood of Dttaseldorf — 
<in this region Batingen has long been known as a fossil locality) — 
Oarboniferons Limestone is still found ; but through the rest of the 
belt that lies to the East of the Rhine, the Lower Oarboniferons 
occurs not in the form of limestone, but of Culm. It often con- 
sists of a series of beds several thousand feet thick; the lower half 
made of siliceous and alum slates, impure slaty limestones, and dark 
clay and grauwacke slates, alternating with beds of solid grau- 
i^acke ; and the upper half of coarse to conglomeratic massive grau- 
wackes. The former contains Ooniatitea {G. spficericus [XX, 3], 
G, mixolobus), Oiihoceras (0. striotatum, 0. 8calare\ Camarophoria 
papyracea, and the very important and widespread bivalve Po9i' 
dtmomya Becheri (XX. 4), which often covers the surfaces of the 
^'/Posidonia^ shales " in hundreds. These are accompanied in some 
places (Herbom, Aprath near Elberfeld, etc.),' by a few trilobites 
{PhiUip8ia\ brachiopods {Chonetes, Praductiui), lamellibranchs 
and crinoids ; which are in part such species as occur elsewhere in 
the Carboniferous Limestone, and thus afford a proof of the equi- 
valencaof the Culm and that rock. The upper division of the Culm 
contains only remains of land plants, especially ArcJupocalamites 
raduUtts, Calamites transitionis (XX. 1), Lepidodendron VeUheim- 
ianufn (XX. 3), and Knorria imbricata (XX. 2). 

The Crinoidal Limestone which occurs in the Culm near Erdbach 
and Breitscheid near Dillenburg, contains a fauna rich in Goniatites 
and very different from the usual fauna of the Culm.' 

On the LEFT BANK OF THE Rhine the Upper Carboniferous 
forms a zone on the north border of the Schiefergebirge which is 
indeed narrow, but stretches without any great break from the 
neighbourhood of Aix-la-Chapelle, past Li^ge, Namur and Mens, to 
Valenciennes, and, under cover of newer beds, as far as Boulogne. 
The following section shows the zigzag folds and numerous faults 
by which the coal-bearing rocks are affected in the Belgian area. 

The lowest subdivision of the English Upper Carboniferous, the 
Millstone Grit, is not represented as such in Belgium or the North 
of France ; but the coal-bearing beds, as at Aiz-la-Chapelle, lie 
directly on the Carboniferous Limestone. In the Mouse area the 

^ The generic name Posidonia is commonly used on the Continent instead 
of Posidonomya ; bat the latter has the priority. 

» . Yj. KOnen, " Neuea Jahrbuch " (1879), p. 309. Kayaer, " Jahrb. d. preuaa. 
gcol. Landesanst.^^ (1881), p. 67. 

3 Holzapfel, " Palftont. ^bhandl.," V. pt. 1. (1889). 
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OBrboniferooB Limestone is sacceeded by & series of olnm and 
Bilicsons shales, which, especially at CSiokier not iu iiom Buy, 
■contaias a long known and interesting fauna — Qoniatitet diadema, 
■etc., Posidonomya Becheri, AvictdopeiAen papyracem, etc Pnrves 
has correlated these shales with the English Yoredale beds, and the 
sandy beds with Productus cardotianus, which succeed them, with 
the MiUstone Grit ; ^ Qosselet, however, holds to the old view that 
they represent the base of the Productive group, which is in- 
separably connected with them. The latter (the Productive 
group) falls into a lower division consisting of sandstones with in- 
significant seams of coal, and an upper containing numerous coal 
seams. 

In the Aix-Ia-Chapelle region the Productive or coal-bearing 
CbrboniferouB beds form two distinct basins, the comparatively 

"^ S. D. S. D. D. S. D. ^' 



v. LoiTsrnsvv 

simple Inde basin on the south, and the much-disturbed Worm 
basin (cf. Fig. 18) on the north. Here also, as in Belgium, a 
lower division poor in coal, and an upper rich in coal may be 
distinguished. 

On the right bank of the Rhine we find the continnation of these 
Upper Carboniferous troughs represented by the babdi op the 
Ruhr. The lower part of the coal-bearing division here consists of 
"flutzleerer Sandstein" (sandstone free from coalseams), which 
rests directly on the Culm, and in its relations is like the English 
Millstone Grit. It consists of sandstones, conglomerates, and shales 
reaching 8,000 feet in thickness, but contains no coal seams and itt 
unfossiliferous. According to v. Dechen the thick grauwackes 
•of the Eder region, the Hessian Hinterland, etc., referred by 
other authors to the Upper Culm, should be reckoned with the 
• " Bull, de I'Aoad. Boj. de Belgiqiie," 8a: 3, II. (1881). 
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Fletzleerer Sandstein.' Directly above this aandstone come tbo 
beds whick have called into exlsteoce the important collieries of 
Bocbum, Dortmund, and Essen. Here also may be distinguished 
a lower subdivision containing little coal and reaching 3,000 feet 
in thickness, and an upper, rich in coal, 7,000 feet. According t» 
T. Dechen the Ruhr basin contains in all ninety workable seams of 
coal witdi a miited thickness of some 88 yards. It is remarkable 
that here, just as near Aix-la-Chapelle and in England, there aro 
found at several horizons strata containing marine shells, among 
Hokrv Venn Inde Basin Worm Basin 



Fie. 18.— S««ioi 

1,1. Oimbriu. 3. GeOiniiieD. 4. Tiumit qtuirtille, elc. 6. Vlctate 
caphnlii* LiioesBing. 7. 17. DoTonisD. H. CubonltgroaB timMtons. ». CMlUmiuret. 

which are AntJiracosia (often forming banks}, AvictUopecten 
papyracetis (KXVll. 4), e-aiOemiatiteg. The lie of the beds in the 
Bohr basin is in general more regular than in Belgium, although 
even here dislocations are by no means wanting (cf. Pig. 19). 

On the south side of the Rhenish Schiefergebirge, but not in 
actual contact with them. Productive Upper Carboniferous occurs 
only in the small, but, from the great thickness of its seams, very 
important basik of the Saar. The immediate foundation on 
which the coal-bearing beds lie is not known; but in the north, 
the Rothliegende, after overlapping the Devonian rocks, rests con- 
formably on the Carboniferous beds. In the south the coal basin 
is cut throvgh by a great fault, by which the Trias of the Falatinat& 
is sunk down some 10,000 feet against the Carboniferous rocks 
(cf. Fig. 20). E. Weiss, who has studied the succession of the 
1 « Erlilnterungen i. geol. Karte der Bheinprov.," 11. (1884), p. 228. 
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Carboniferous and Bothliegende beds in detail, has divided the 
Oarboniferons into a lower stage, the SaarbrUck, and an upper, 
the Ottweilerbeds.^ The former is rich in coal and corresponds 
with the chief part of the coal-bearing beds of the Ruhr and Inde 
basins ; while the latter is poor in coal, and is considered younger 
than the youngest of the Carboniferous beds found on the north 
l)order of the Schiefergebirge. The two series together reach a 
thickness of 20,000 feet, and contain some three < hundred and fifty 
yearns with a united thickness of more than 150 yards. 

Central Germany. — Passing now towards the east, we find 
that in Central Germany the Carboniferous Formation occupies a 
much more restricted area. In the Harz the Culm, which con- 
:sists at /the base of siliceous slates, limestones, and grauwacke 
filates, above this of grauwacke poor in conglomerate, and lastly at 
the top, of grauwacke rich in conglomerate, forms the greater part 
<of the Oberharz plateau, and is the series in which the well-known 
isilver-bearing lead veins of Clausthal occur. The upper Car- 
boniferous, on the other hand, is limited to a few small patches 
which are composed of beds of Ottweiler age, and are found on the 
border of the mountains near Ilfeld, Ballenstedt, etc., lying un- 
'Conformably on the Devonian. 

In the neighbourhood of Wettin and Ldbejtin also, small 
patches of Productive Carboniferous beds occur. To the same 
^roup belong the thick red sandstones and conglomerates of 
Mansfeld and the north side of the Kyffh&user, which have 
hitherto been referred to the Rothliegende, but are really uncon- 
formably overlaid by them.. 

In Eastern Thuringia and the Fichtelgebirge, as in the 
Harz, the greater part of the space occupied by Carboniferous beds 
is taken up by the Culm. This is divided into a lower part, 
which consists mainly of clay and roofing slates (Lehesten slates) 
with interbedded grauwacke, sandstones, limestones, etc., and an 
^pper part which is chiefly made up of coarse grauwackes. The 
Productive Carboniferous occurs only in a few quite insignificant 
patches near Manebach, Crock, etc., close to the border of the 
mountains. Typical Carboniferous Limestone with large Producti 
is found only in small occurrences near Hof and other places. 

The Carboniferous Formation occupies a larger area in the 
kingdom of Saxony. The Zwickau, Lugau-Oelsnitz, and Pot- 

^ ^' Fobs. Flora d. jilngst. SteinkoMenform. u. d. Bothlieg. im Saar- 
Hhein-gebiet " (1869-72). 
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schappel coal basins are of Upper Carboniferous age. But the 
Ghenmite-Hainichen coal synclinal, as Geinitz and SterzeP have 
shown, and as is placed beyond doubt by the occnrrence of such 
characteristic Culm fossils as Lepidodendron VeUTietmianumj 
Siigmaria inceqtudis, ArchceoctUamites radiattcs, Sphenopteris. 
distansy. etc., belongs not to the productive Carboniferous, but to 
the Culm. 

Still further east we find large areas of Carboniferous rocks in 
Silesia; and we may here distinguish a Lower Silesian, or 
Waldenburg, and an Upper Silesian coal basin. 

The first forms a trough striking from S.E. to N.W., which on 
the east rests on the cystalline schists of the Eulengebirge, and to- 
wards the west is continued into Bohemia (to Schatzlar).' The 
middle of the basin is occupied by Bothliegende and Cretaceous 
rocks. The Productive beds include thirty-one workable seams, 
with a total thickness of more than 40 yards; and are often 
pierced by quartz porphyries, which have locally produced remark- 
able effects of contact metamorphism. Below the Productive Car- 
boniferous lies the Lower Carboniferous, partly in the form of 
plant-bearing grauWackes of great extent, partly as Carboniferous 
Limestone (Hausdorf, Altwasser, etc.), and partly in the form of 
grey clay-slates, with an interesting mixture of characteristic 
Oulm plants and Carboniferous Limestone brachiopods (especially 
near Rothwaltersdorf). 

The Upper Silesian basin, on account of its extent and its 
wealth of coal, is much more important than the Lower Silesian. 
Both the subdivisions of the formation are developed here also. 
The Productive beds, which rise in detached spots like islands, 
through the covering of diluvium, occupy an area of some 2,000 
square miles, and include more than a hundred seams with a 
united thickness of over 160 yards — the Xaveri seam alone is 17 
yards thick ! Here, as in England and the Lower Rhine area, 
there occur between the coal seams sevei^ strata with marine 
shells (Brachiopods, Goniatites, Trilobites, etc).^ The foundation 
of the coal-bearing beds is formed by a succession of several thousand 
feet of grauwacke, clay and roofing slates, which in many places con- 
tain characteristic culm fossils (Posidonomya Becheri, Goniatites 
^Juericua, O. mixfjlobtis, Archceocalamites radiatuSy Lepidoden- 

y " 9. Bericht d. naturf. Ges. zu Chemnitz" (1883-1884), p. 181. 

> SchUtze, '' Abh. d. geol. Landesanst.," III. pt. 4 (1882).. 

» F. BOmer, " Geologie. von Oberschlesien" (1880), p. 76, pi. a 
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dron tetraganum, etc.). These beds resting on the west on the 
Devonian mass of Zuckmantel, which in its turn rests immediately 
on the crystalline schists of the Altvatergebirge, reach in a south- 
westerly direction far into Moravia (to the neighbourhood of 
Brann), and form the largest known area of culm in Grermany. 

D. Star, who has made the distribution of the foesil plants in the Upper 
SLlesian basin the subject of detailed examination, distinguishes three 
stages/ as follows, in descending order : — 

8. Schadowits and Badowenz beds; with numerous species of 
Pecopteris (P. arboreacenSj degant^ Serli, etc), AntnUaria longifolia^ etc. — 
correlated with the Ottweiler beds of E. Weiss. 

2. Schatzlar beds; with numerous SigiUaria {S.ocuUUa, S.tdtemarUf. 
etc.), Lepidodendra and CtdamUes (C Ci$ti arenoiuSf etc.) — representing the- 
SaarbrUck beds of F. Weiss. 

1. Waldenburg or Ostrau beds; with Archosocalamitet radiatusy, 
Lepidodendron VeltheimianMmj Sphenophyllum tenerrmiim, SphenoplerU Lirtkiy 
etc.— belonging, accoxding to Stur, to the Upper Culm. 

According to Weiss, however, the lowest or Waldenburg beds do not be- 
long to the Culm, but form the lower part of the Upper Carboniferous ; ^ 
and he correlates as follows : — 
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ferous. 



Saar Region. 


Silesia, Bohemia, Saxony. 


General Designation. 


Ottweiler beds. 


Badowenz beds. 


Calamite and Fern 
Stage. 


1 
SaarbrUck beds. Schatzlar beds. 


SigiUaria Stage. 




Waldenburg— Ostrau 
beds. 


Sagenaria Stage. 



Hainichen-Chemn i tz. 



In Bohemia only the Upper Carboniferous is developed. It 
forms several coal-basins, among which that of Pilsen is the most 
important, and is especially remarkable because it was in the so- 
called Nyrschan Gras-coal belonging to this basin that the rich 
fauna of stegocephalous Amphibia, described by A. Fritsch, was- 
found.' 

In Southern Germany the Carboniferous formation isrestricted 

^ ''Die Culm Flora d. Ostrauer u. Waldenburger Schichten/^ Vienna- 
(1«77). 

' The correctness of this view is supported by the unconformity dis- 
covered by Dathe between the Waldenburg beds and the Culm. 

' "Fauna der Graskohle," etc., Prague, 1879 (still incomplete). 
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« 

to the Black Forest and the Vosges ; and even in these areas the 
extent is but small. We find here the Calm grauwacke with 
t3rpical plants, the Carboniferous Limestone (Oberburbach not far 
from Thann in the Vosges), and also the Upper Carboniferous — the 
latter only in small patches on the older rocks. 

France. — The Belgian belt of Carboniferous rocks extends into 
the North of France ; and in the south-east we have deposits which 
l)elong to the Mediterranean region. But besides these. Carboni- 
ferous rocks are found on the borders of and within the Armorican 
massif, and in the Central Plateau. 

The most important and interesting are those of the Central 
Pliateau, where the Carboniferous rocks occur in a number of small 
basins, especially in its eastern part. According t6 Julien ^ the 
Lower Carboniferous rocks of these basins may be divided into 
two series : — 

Upper. Sandstones and conglomerate (anthracif^re), with oontempo- 
raneoos porphyries and porphyry tnfBs. 
Lower . Marine schists, quartzites, sandstones and arkoses, 

Jn the Morvan, which is separated from the main part of the 
Plateau by the fault of Blanzy, the marine Lower Carboniferous 
belongs to the stage of Tournai ; while in the Plateau proper only 
the Dinant assise of the stage of Vis4 is present. The sandstones 
and porphyries are not all of the same age. Those of the Morvan 
are of Waulsortian age; the upper sandstone of the Ardoisiire 
belongs to the lower part of the Coal Measures (Millstoile Grit, 
Namur Stage of Belgium) ; while the quartz-porphyries are of 
middle Coal Measure age. 

Above these sandstones, etc., comes the productive part of the 
deal Measures, which in the basin of St. Etienne commences with 
a breccia or conglomerate, and at the top is covered by a barren 
:stage of red and green clays and sandstones, which forms a passage 
into the Permian. This passage upwards into the Permian is best 
seen in the basin of Autun. 

The coal field of St. Etienne may be taken as the type of the basins of 
the Central Plateau. In it, according to Gruner, we have the following 
isaccession : — 

Coal Ueasares f !" Coal-bf ring stage of St. Etienne. 
(Upper parti I Unproductive beds ; conglomerate of Grand' Groix. 
\ PP« pa ; y^ Coal-hearing stage of Rive-de-Gier. 

5. Flows of quartz-porphyry and interruption of 
sedimentation. 

» " Comptes Rendus," ex. p. 736. 
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Lower 
Carboniferous 



4. Grto anthracifdre, with beds of porphyry. 
8. Flows of granitoid porphyry. 
2. Limestone and calcareous schists of B^gny. 
VI. Quartz-schists of the Boannais. 



The series begins with the **grauwacke of the Boannais " (1 and 2 of the* 
above table), the lower part of which is quartasose and the upper part cal- 
careous ; the fauna includes Productus giganieua^ P, gemiretieulatusy and other 
Lower Carboniferous fossils. Aboye the grauwacke are flows of porphyry, 
and these are succeeded by a conglomerate, consisting of pebbles of por- 
phyry, limestone and quartzite. The conglomerate is followed by sand- 
stone, with anthracite, the grte anthracifere, which also is largely formed 
of small fragments of porphyry. 

The Coal Measures commence with a thick breccia, nearly 500 feet thick, 
and this is succeeded by one or two thousand feet of conglomerates. This- 
assise is usually unproductive, but below Bive-de-Gier includes workable 
seams of coal. It is followed by the coal-bearing stage of St. Etienne with 
some thirty seams. Abore all comes a barren series of clays and sand- 
stones, which form a passage upwards into the Permian. 

The Mediterranean Region. 

A considerably different development of the Carboniferous is- 
met with in Southern Europe, on the south border of the Central 
Plateau of France, in Spain, and in the Alps. It is true that the 
Lower Carboniferous of these areas is not very different from that 
of Central Europe. Thus, in Spain, besides the peculiar marbre 
griotte, a yariegated nodular limestone with Ooniatites sphomcus 
aind other Oephalopods, ^ we find both Culm — in part in the form of 
Posiddnomya schists with the characteristic fossils — and Carboni- 
ferous Limestone. But the coal-bearing Upper Carboniferous rocks 
which overlie these contain near their base Fusvlina {F, cylin- 
drica, etc.), ^ and a few small outcrops of Fusulina limestone of tho 
Busso- Asiatic facies have been found on the southern border of the 
Central Plateau. 

In the Alps the Carboniferous beds are usually more or less 
metamorphosed, the coal is changed into anthracite or a graphite- 
like substance, and the original plant fibres are not carbonised but 
silicified. Yet here also the Lower Carboniferous is quite like that 
of Central Europe, inasmuch as along with the plant-bearing Culm 
grauwacke, true Carboniferous Limestone occurs, as for example 
at Bleiberg in Carinthia.^ These Lower Carboniferous beds (Qail- 

» Barrois, " Le marbre griotte." Ann, Soc. OdoL du Nord, VI. (1879), p. 270. 
' Barrois, "Becherches sur les terrains anciens des Asturies et de la 
Galice" (1882), pp. 582, 592. 
• De Koninck, " Monogr. des fossils carbon, de Bleiberg," Brussels (1878), 
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thal schists of the Aastrian Alps) are overlaid in the Eastern Alps 
bj schists, grauwacke sandstone and Fosulina Limestone, which 
are followed directly by iPermian deposits.^ 

Pyrenees. — ^The " marbxe griotte " is the most important member of the 
Carboniferous in the Pyrenees. It was referred by Leymerie to the 
Devonian ; but in the^Spanish province of Leon it has been shown to overlap- 
schists with Cardium pcUmatunif and to be covered by limestone with Pro- 
ductus giganteus. From these circumstances and from the fossils it contains- 
(Chniatites creniHriaf etc., OrUiocerw gigcmteum, Spirifer glaber), Barroia- 
concludes that it is of Carboniferous age. 

In the Bhnne at the western end of the Pyrenees a limestone of this- 
sort is overlaid by grauwacke containing the flora of the upper part of the 
Coal Measures ; and another outcrop of coal measures is to be seen at Sare 
near IbantellL 

Spain. — In the north-west (Asturias and Leon) Barrois recognises the 
following groups : — . . 

5. Conglomerates of TIneo with PecopterU Fluckmuti (= Upper Coal 

Measures). 
Unconformity. 
4. Slates of Sama with DictyopterU aub-Brongntarii (-^Middle' Coal 

Measures). Brackish faoies contains Antkraoo$iaf BdUraphmty, 

etc 
8. Slates, conglomerates and limestones of Lena with FuwlifuiUa 

sphcBroidea (= Lower Coal Measures). 
2. Limestone of the Cafions with PoUriocrinus. 
1. Marble griotte, with O/miatUes. cronittrim. 

The two upper assises form the coal-bearing portion of the system and 
contain the Middle and Upper Coal Measure floras of Qrand* Eury and 
Zeiller. Of the others the Lena assise represents the Yis^ sta^ of the 
north of France ; the Cafion limestone has not yielded enough fossils for 
its determination ; while the exact position of the marbre griotte is still 
matter of discussion. 

In Cittdad Beal there is also a basin of Coal Measures in the midst of 
Silurian rocks. CiUamites Suckoviij WeUchia pini/ormis^ etc., occur, showing 
that the beds belong to the uppermost part of the coal. 

Var. — ^In the Department of the Yar there is a small basin of Carboni- 
ferous and Permian rocks, of which, however, the former is but feebly 
represented. 

Alps. — In the Western Alps the Carboniferous is represented chiefly 
by conglomerates and a sandstone with anthracite (the gres a anthracite). 
This belongs to the Coal Measures ; the flora in Switzerland pointing to the 
upper division, and that in Savoy to the third phase. 

The grto & anthracite is overlaid by a red conglomerate of quartz pebbles, 
which is known as the Yerrucano conglomerate, and is supposed to be of 
Permian age. 

In the Eastern Alps the Lower Carboniferous is represented by the 
Gailthal Slates, best seen at Bleiberg in Carinthia. These are mostly 
dork slates with some sandstones and conglomerates, and they contain. 

^ Staohe, Zeits, d. deuUdu geol. Get. (1884), p. 875. 
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•an abandant fauna (ProduetuSf Belleropfion^ Nautilus, etc), and also foesil 
plants characteristic of the Calm {Archceocalamites radiatut). Thej are 
followed by a limestone with Ftiaulina (F. rcbusta, carinthiaca), which 
represents the Upper Carboniferous. 

Fosulina limestones are widely spread throughont the Upper Carboni- 
ferous of Carniola and the Southern Alps ; and occur at several horizons in 
<leposit8 of the more usual Western fades. The western type of Upper 
Carboniferous is found in the valley of Pressnitz in Styria, where Star 
obtained from beds of graphite, the flora of the Schatzlar Beds of the 
Milesian basin. 

Balkans. — Culm measures, consisting of sandstones and clay-slates, cover 
a large area in Turkey and yield the ordinary culm fossils. 

EUSSIA. 

Quite unlike the sporadic appearances in Southern Europe, that 
facies of the Carboniferous System which is characterized by the 
occurrence of Fusulina limestones possesses an extraordinarily 
wide distribution in Russia. The Carboniferous formation in 
Bussia, which still in great part lies horizontally, forms three 
great patches: a westerly, to which belongs the so-called Mos- 
cow basin; an easterly, which lies on the western slope of 
the Urals; and a southerly, which includes the coal fields of 
the Done tz. In all three areas the system, over 10,000 feet 
thick, is composed mainly of limestone, with which at the most dif- 
ferent horizons are interbedded marls, shales, sandstones and other 
rocks ; but in which the richer coal-seams are found only in the 
lower part. In all three regions an upper and a lower division 
may be distinguished. The Lower Division, the base of which 
is formed in the Moscow basin by the Limestones of Malewka- 
Murajewna with a mixed Devono-carboniferous fauna, consists 
partly of sands, sandstones and clays, with coal-seams (in which 
Leptdodendron Veltheimianum and other fossils occur), and 
partly of Carboniferous Limestone with Productus gigaateuSy 
Spirifer trigoncdiSj Sp, striatus, Orthoceras giganteiim^ and many 
other species of the Carboniferous Limestone of Western Europe. 
The upper division on the other hand is especially characterized by 
the abundance of Fumlina {F, cylindrica [XXVIII. 6]) and other 
foraminifera. With these occur many species of the Carboniferous 
Limestone of Western Europe (especially brachiopods, such as 
Productus scmireticvlatv^ and P. cora^ Streptorhynchus ere- 
nistria, Orfhis resupinata^ Spirifer lineatus) ; but also some that 
are absent in these beds but are found in beds of the same age in 
India, China, and North America, such as Productus timanicus 
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P.tuberctUatus^ etc., Entdetes Lamarcki (XXVm. 4), Streptorhyn- 
<hu8 {Meekella) eximius (XXVIII. 6), Marginifera (subgenus of 
Productiis) sp., Euomphaltis Whitneyiy AvictUopecten exoticuSj 
JSchizodus sp., Archceocidaris rosaica, the remarkable and charac- 
teristic screw-shaped Bryozoan Archimedipora (XXVIII. 1), 
Cfhaetetes radians (XXVIII. 1), PhiUipsia Qrilneioaldtij the fishes 
DactylodtiSf Ed4*stuSj etc.^ 

According to the most recent researches of Tschernyschew and 
ITikitin beds with Spirifer mosquensis (XXVIII. 3) lie at the 
i)ase of the Russian Upper Carboniferous. Theytire typically 
•developed at Mjatschkowa near Moscow, and have become well 
known through the monograph by Trautschold. It is directly 
Above these beds that the true Upper Carboniferous (G^helien) 
begins, and it here consists of three sub-stages : — 

(3) Beds with Spirifer fasciger, Spiriferina Saranos, Margini/era, 

Agathioceras, Sckwagerina. 
(2) Beds with Productus cora, Marginifera urdLica^ Meekella eximia, 

Camarophoria crumena, etc. 
(1) Beds with Syringopora partUUla, OmpfuUotrochus Whitneyi^ Spirifer 

atriatuSj Productus aemireticulatus. 

These beds are followed by the so-called Artinsk stage with 
Permo-Carboniferous fauna (see Permian, p. 179). All three sub- 
istages are developed in Central Russia, the Urals^ and in Timan. 

According to M. Nikitin ' the Carboniferous of the Moscow basin com- 
mences with sandstones and clays, with thin limestones and some beds of 
«coal at the base. These have yielded Stigmaria and Lepidodendron Vel- 
Uheimianumj etc. They are followed by limestones with Productus giganteua, 
And above this limestone and clays with Spirifer Kteini (sub-stage of 
Spirifer KleiniJ) The upper part of the system consists of limestones with 
Spirifer moaquensia (6tage moscovien) and dolomites with Ckoneiee ur€dica 
(Gshelien.) The latter occurs in the eastern part of the Moscow Grovern- 
ment, where it is divided into the three sub-stages given above; and in 
Eastern Bussla and the Urals it increases greatly in thickness and forms the 
well-known Fusulina Limestone. We thus get the following succession : — 

U ( Stage of Chonetee uralica, 

\ ,, Spirifer moequemia. 

^Sub-stage of Spirifer Kleini {Sp. trigonalis in part). 
Lower i Stage of Productus gigatUeus. 

(Culm. 

^ Von Moller, " Sur la composition, etc., du systdme carbonif ." Congrte 
intemat. de Geologie de Paris (1880). A. Struve, ** Garbonabl. im. sUdl. 
Theile d. Moskauer Kohlenbechens." Mim. Acad. Si. . POersb. (1886). 
Trautschold, " Die Kalkbrttche von Mjatschkowa," Moscow (1874-79). 

* "M6m. Com. GWol. russe," v. no, 5. 

• C. G. L 
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In the Urals, according to the researches of M. Krasnopolski,* the systeni 
begins with limestone with Produetua mesolobus, sometimes partly or com- 
pletely replaced by grits. This is succeeded by sandstones, clays and^ slates 
with seams of coal, which contain Lepidodendron glineanum^ Sigillaria, 
Cardaites, Noeggerathia tetiuidriata, Produdus giganteus. These beds are 
followed by the ** Lower Carboniferous Limestone," the lower stage of 
which is characterized by Productun giganteu» and P.striatua, and the upper 
stage by Spirt fermoaquevms and Produetua cora. Lastly the upper section 
of the whole system is represented by the Fusulina Limstone, which con- 
tains abundance of Fusulinas and Bryozoa, and numerous brachiopods^ 
etc. {Chonetes uralica, etc.). The series is thus as follows :— 

Fusulina Limestone. 
Stage of Spirifer moaquenais. 
„ Produdua gigafiteua. 

Coal-bearing stage. 

Stage of Produdua meaoiohua. 

Thus in general we have in Russia, in descending order:— 

Limestones with Fusulina . 
(Stage of Spirifer maaqumaia at base.) 
/•Limestones with Produdua giganiem. 
Lower 5 Coal-bearing stage. 

C (Stage of Produdua meaolobua at base.) 

Extra-European Areas. 

In Asia also we meet with this facias of the Carboniferous 
formation. Thus the lower part of the Productus Limestone of the 
Salt Range of India, which is chiefly Permian, and the fauna of 
which is being described by W. Waagen,^ is considered to be tho 
equivalent of the Russian Fusulina Limestone. This is proved 
to be the case, moreover, with a limestone in China (near Lo-ping),* 
which contains a marine fauna with F*U9ulina cylindrical Ente- 
Ictcs Lamarcki, Productus scmireticuMuSj P. vicxicanus, Orthis 
Pccosiij Schizodus Whecleri and other species of the Upper Car- 
boniferous of America ; and a similar but poorer fauna is known 
from Turkestan, and also from the islands of Timor and 
Sumatra. But along with these purely marine beds in these 
regions, the coal-bearing Upper Carboniferous is by no means, 
absent. According to Richthofen, China is one of the richest 
countries of the world in coal. In the Province of Shansi alone 
the Productive coal measures occupy an area of some 35,(X)0 square 
miles. The lower division of the formation is in Asia developed 

* " M6m. Com. G^l. St. Petersbourg," xi., no. 1. 
' • "Palbontologialndica" (1879-88). 
» Kayser in Bichthofen's " China," vol. iv. (188^). 
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nii:ioh as it is in Europe. Sandstones with a Culm flora are widely 
spread in Siberia ; . and in China and Japan Carboniferous Lime- 
stone occupies a large area. 

Passing on to North America we again find the Carboniferous 
formation of extraordinary extent. In the eastern part of the 
United States the development is very nearly allied to that of 
Central Europe. An upper coal-bearing division with Millstone 
grit at its base may here be separated from a lower calcareous 
.sandy division, which does indeed contain coal, but in its essential 
characters is the equivalent of our Lower Carboniferous. West of 
the Mississippi and in the Rocky Mountains, on the other hand^ 
just as in Asia and Russia, the Upper Carboniferous is represented 
by limestones rich in Fusulina with an abundant marine fauna^ 
which has been made known to us by the reports of the various 
American surveys.^ Here also, besides a predominance of species 
common to the Lower Carboniferous, there are found as especially 
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Fio. 21.— Section through th« Alleghanj Mountains. 
1. Miocene. 2. Eocene. 9. Cretaceous. 4. Trias. 5. Carboniferous. 0. Devonian. 

7. Silnrian. 8. CrTstalline schists. 

characteristic forms, EnteletcB, Meekella^ Marginifera^ Archimedi' 
porOj ArcJiwocidariSf Edestus, Dactylodus, and others. On the 
whole, in the region of the United States four chief coal-fields may 
be distinguished : (1) the great Appalachian or Pennsylvanian field 
with an area of some 60,000 square miles ; (2) that of Michigan ; 
(3) that of Illinois ; (4) and lastly, the coal field of Missouri and 
Arkansas, which nearly equals the first in size. In the basin of 
Michigan a perfectly gradual passage may be. observed in the " sub- 
carboniferous" beds, from conglomerates and sandstones with land 
plants at the eastern border to limestone with marine fossils in 
the western part of the field. Not less interesting is the circum- 
stance that in the western and central parts of the Pennsylvanian 
field, the coal seams, in correspondence with their almost undis- 
turbed position, consist of bituminous coal ; whilst in the eastern 
patches, which are separated from the main area, in correspondence 
with the severe disturbance which they have there undergone^ 
they consist of anthracite (Fig. 21). 

* " Final Eeport of Nebraska," 187;2. 
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The extraordinarily rich fauna of the North American Carboni- 
ferous Limestone has been made known to us in many geological 
reports, among which those of the Illinois, Missouri, and Iowa 
States must be specially mentioned. 

In the Far North, in Novaja Semlja, Spitzbergen, the Barents 
Islands, etc., deposits of Carboniferous age are developed, chiefly 
in the form of Upper Carboniferous Limestone with a rich marine 
fauna.^ 

Finally, the formation occurs on the continents of the Southern 
Hemisphere. Carboniferous Limestone is known in Africa, in 
the Sahara ; ^ in South America, in Peru and Bolivia ; in Australia, 
in New South Wales,^ with a rich fauna containing many European 
species, whilst coal-bearing Upper Carboniferous is found in the 
same district of Australia, and also in Tasmania and Brazil. 

ON THE MODE OF FORMATION OF COAL. 

Although no doubt remains to-day as to the vegetable origin of 
coal, yet the views on the exact mode of its formation are still very 
various. All attempts to explain the formation of beds of coal 
must explain at the same time : (1) the alternation, often many 
times repeated, of coal, shale and sandstone ; (2) the extraordinary 
extent of some of the seams — the Pittsburg seam in the Pennsyl- 
vanian field extends over thousands of square miles — as well as 
their great thickness and purity; (3) their derivation exclusively 
from land plants, and (4) the occurrence of marine fossils between 
the coal-bearing beds — an occurrence which is not rare, although it 
is always restricted to inconsiderable beds. 

A. Brongniart, the father of fossil botany, was of opinion that coal 
was of autochthonous origin; that is, it was formed of plants 
growing in situ. Of late, however, this opinion has given way to 
the view ofanallochthonous origin, i.e. a formation from plants 
which have been floated together, like the great collections of drift- 
wood which are found in the Mississippi delta and elsewhere. 
This view, according to which we consider the vegetable material 
to have been deposited sometimes in the sea, but more generally in 
large freshwater basins ("paralische" and "limnische" coal basins, 
Naumann), has received much approval, not only in Germany, but 

» Tonla, » Sitzungsber. d. Wien. Acad." (1878-75). 
» G. Stache, " Denkschrif t d. Wien, Acad." (1883). 

' De Koninck, " Becherches sur les foss. paltoz. de la Nouvelles-Galles du 
Sud.," Brussels (1876-77). 



E. — CARBONIFEROUS SYSTEM. 149 

also in France ^ and England, and it has derived strong support 
from the observations of Grand' Eury and Fayol. In fact, if we 
imagine the drifting together of plants to form a coal seam, and 
suppose this to be followed by a flood which deposited gravel, 
sand, or clay ; and if we suppose a repeated alternation of these 
two processes, most of the peculiarities of the Coal Measures may 
be easily understood. The extraordinary extent of such seams as 
the Pittsburg, and still more their unvarying thickness and freedom 
from earthy impurities over himdreds of square miles cannot, how- 
ever, be explained by the drift theory. Moreover the circumstance 
brought forward in its favour, that in coal seams a stratified 
alternation of different varieties of coal can be recognised, the 
whole reminding one of bedding, has lost its Value as evidence, 
since exactly the same appearance has been observed in many peat 
mosses at the present day. Gtimbel, in a very remarkable recent 
work,^ has allowed the drift theory to drop, and has returned to 
.Brongniart's old view, that by far the greater number of coal seams 
have been formed from remains of plants growing on the spot in 
the same way as are peat mosses. 

In favour of this theory, which allows of the formation of almost 
uniformly thick coal seams practically free from foreign matters, 
may be mentioned the occurrence, observed in the most various 
coal basins, of tree stems, in places abundant, standing upright, 
and still with their roots attached (Fig. 22).' We cannot well 
suppose these to have been floated hither, and we even find the 
remains of insects and amphibians in the hollows of the stems. 

On the whole therefore, according to Giimbel, coal should be 
considered an inland deposit formed in wide flat depressions of 
continents, and also on low ground along the sea coast. Undis- 
turbed growth of marsh vegetation, which developed very quickly 
in the favourable climate of that time, alternated with floods, and 
thus allowed the formation of a succession of beds of coal, sand- 
stone, and shale, which, during a long continued and gradual 
sinking of the basin, might reach locally a thickness of several 
thousand yards. Occasionally, as is easily intelligible on this view^ 



^ Grand* Eury. "• M^m. sur la flore carbonif^re du d^p. de la Loire.'' 
Paris (1887). 

' *' Beitrftge zar Kenntniss der Tezturverh&lt. d. Mineralkohlen. Sit- 
zungsber. d. bajer. Akad " (1888). 

* Fayol, however, has shown that the upright position of trunks affords 
no proof that these are in situ, " Comptes Bendns,** xciii., p. 160. 
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inrushes of the eea, brought in the marioe shells which are now 
met with between the coal seams. 

This attempted explanation does not, indeed, solve all the prob- 
lems. There still remains the extraordinary constancy in cha- 
racter and thickness of the fioor and roof of many seams, which is 
always very obvious, and which agrees but indifferently with what 
we observe in the detrita! deposits found in the sea-basins of to-day. 

PALAEONTOLOGY OF THE CAItBONIFEROUS SYSTEM. 

The Carboniferous system is the first in which plant remains 

become of groat importunce, and as hits already been mentioned, 



they are here exclusively terrestrial. Such plants appear for the 
f.rst time in Silurian times ; hut the pre-Calm land floras are rela- 
tively of little importance, and the first really rich and extensive 
flora everywhere belongs to the Carboniferous.' 

Our knowledge of the Carboniferous flora, like that of fossil 
botany in general, is due mainly to Adolphe Brongniart.' In 
Germany, Count Sternberg (1820) was the first to occupy himself 
with the observation of fossil plants. Since then our knowledge 
has been increased by Giippert, Unger, Heer, Schimper, Geinitz 

' It is remartable — as has bwn shown by WeisB in the case of the Lower 
Bevonieji Tanner fcrauwacke of the Harz— that all the pre-Cuhn floras 
resemble' the flora of the Culm. 

> " Prodrome d'ane hiBloire des v^g^taux foBSilee," Paris, 1828. 
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PiiTi :CX.— FfMillB of tho Calm (aboT*]. aod Carbcmlferou LimMtone (below). 

1. Arehaocatamitn rsdiatu, BrnKa. I. Kaarrit tmtrnln, BMnb. i, La)>fdiidndr>ii 

fiUJufmianuiH, Stsmb. 4. PatiOrnitmya Stclurt, Brono. S. Gonialitu (OlypUoctrai) 

aphanciu, Man. S. 0. (ai«|th) crMiilrio, PtaiU. 7. MaulilM l>iliAatiu,8oir. 
^mmitl'/fia, Pbill. 
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Fun XXI.— CepbBlopodi BOdOsMenipDdeotttaBCkrboTiin 
I. OontaUtH IBrmMCmt) Tolat<rnat, de Kdd. 2. O. (Prmmritu) cvoIsMmii, Plilll. 
9. BttlfTVptMi hittrinut, LerellU. 4. XmompkcdiiM pmlnnfuIiilM. Bov,, from >bOTe, uiA 
fromUiaaida. - V. Acneutiuntirtoiiit, PbiLL ^ Chiton prittua, llUnaC. 
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Puis XXU.—Uncbiopodi uid LwnelUbnncfai ot tbo CsrbonifeiDni LimettDne. 
1. Pndnetut iMfiqWim^ Sow. I. P. glfanlBa. Bow. 3. StrrptarXynekiu ctmuIi 
Fhltl. 4. (Mfcfi HieJUlMi. texUlf. S. ^r^ir pjufuu. Sow. «. Athyrit lamtlUna, Li 
7. Ttribrainta (Diftums) hiitala, Sow. 8. COHScsnlium tliftnni. Sow. 
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1. PcntrtmiUi fBtiaXii, B»J. t. -(rtiiioiriiiiu in,ri/iii ir 
Atcittut, AoaUn. 4. Piitd«h>nu rtigaiu, WCair. E /nil'' c u n-nmln, LMonir 
«. LtlludrslJsiiliaiaKO'ornu, Phil[. 7. JlIclMl>HH/a»M de K 
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riiTi XXIV.— Coal Ueunre Planw. 
1. AMKopliru Strli, Bmgn. 2. HtLrofttrit jtaatta, Srf. 3. Oi'nUifUrit «Mms, Bfr. 
4. Ptcojiin^' inlata, Brg. 4i. Plnnulg ot uma, enlarECd. t. 8ph<«pl«ri> nUiuiliitii 
Brg. Gi. Pinnule, enlarged. 
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Pliii XXV.-CobI IfcHocc PlrnW, 
1. Calamitu (p., rMtorcd (kiMr 8iib«iik), gnMly redncod. li. Portion of Ui* H«n. 
IB. Lower and at Um Ktm. I. Janularu iptunopXnUindM, Ztnk, 3. Atttnji\iiUitn 
ttnitiUfmut. BoUoUi. 1. Spltmipkiilliim SchlaUximi, BmKn. 



E; — CARBONIFEROrS BT3TBM. 



PiiM XXTI.— Co*l Momnre Fl«nt«, 
I. L>tiidad«Hlr«n sp,, raMand, graMt; Tsdneed. 3. Lipid, itfgani BmKn. 1. I^pii. 
tdshmiiiii, BMrnb., b«wk. *. Keilliirio Bmnni, D«*».. reKgred. gre»tlj Mdoo**- 
a. ll«wrno, Brs^ tuk. fl. 8. •[tiriifliii, UnOI. ud Hutt., ndsced. 
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Plui ZXTII.— Plint sad Animal renuiaB ot Lhg Oonl Ueuures. 

1. inigmaru (root of StijillaWa), ^nUl; rodaosd. 3. Sttfin. Jlcoidii, Brg. 3. Trigantear- 

piu NSggtrathif Brg. 4. A^culopttUn papyrouu, 8ovr. C. ^nthrawtia Loftiuri, LqdW' 

e. £>linum> rifinmr, Bsilj. T, PnldlyKiH anUinuophilo. F. BUid. S. SupMaria armitltp, 

UHkand Worthen, D. JAii(Ulliiiamin«6aol>(nni, Qoldenb. 
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Upp«r CuboDilanita. 

CfiiitiWi TDiiaiu. Tiieh. ]. Bpitiffr 

I. i. OTt\U IMnMla) ttimia.Kehw. 
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and others ; and more recently E. Weiss * and D. Stur in Oermany, 
Grand' Eury, Renault and Zeiller in France, Williamson in 
England, and Lesquereux in North America, have added to our 
knowledge of the Carboniferoos flora in particular. 

Brongniart distinguishes three great Vegetation periods (1) 
The age of Acrogens ; (2) of Gymnosperms ; (3) of Angiosperms. 
The PalsBozoic floras belong entirely to the age of Acrogens, 
which is distinguished by the predominance of acrogenous Crypto- 
gams (Ferns, Lycopodiaceae, EquisetacesB), whilst Monocotyledons 
(grasses, palms, etc.) and (}ymnosperms (Cycads and Conifers) are 
rtitill rare, and Angiosperms are quite absent. In 1849 Brongniart 
reckoned in all some 500 Carboniferous plants with 346 Acrogens 
i(250 ferns, 83 Lycopodiacesa, 13 Equisetacese), and 135 Gymno- 
sperms and plants of doubtful positions. Contrasting this with 
iihe number of species, more than 6,000, of Phanerogams alone, in 
the present flora of Europe, the poverty of the coal flora would 
appear remarkable, unless it could be explained by the absence of 
Angiosperms and the almost complete want of Monocotyledons. 

Among the acrogenous Cryptogams we find ferns in great 
abundance and variety, but usually only the fronds or parts of the 
fronds are met with. Since the fructification (sori) oh the. under 
side of the leaf, which is so important for the classification of 
living ferns, is seldom distinctly seen in the Carboniferous ferns, 
Brongniart has based his classification on other characters, espe- 
cially on the arrangement of the nerves. Among the most im- 
portant Carboniferous types of ferns are Odontopteris (XXIV. 3 — 
without a strong median nerve, pinnules attached by the whole base), 
Netiropteris (XXIY, 2 — median nerve not reaching' to the point 
x)f the leaf, pinnules short-stalked, cut in a heart-shaped fashion 
below), PecopteHs^ especially rich in species, now divided into 
.several subgenera (XXIV. 4 — median nerve reaching to the point of 
^he leaf, pinnules notched or whole), Alethopteris (XXIV. 1 — strong 
median nerve, with the pinnules attached by the whole of the 
^ase), and Sphenopteris (XXIV. 5 — pinnules deeply divided, with 
few, dichotomous nerves). 

The Lycopodiaceae, to which belongs the creeping Club moss of 
-our hills {Lycopodium\ were very greatly developed. The 
Garboniferous types of this group differed from the living ones and 
iormed large thick-stemmed trees. The two most important forms 

1 See his " Die Flora d. Steinkohlenf./' Berlin, 1881, etc. 
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of that period were the Lepidodendra and the SigillarisB. In 
both, the bark was covered with strict regularity with large 
peculiar leaf scars, and the leaves were of simple lancet-like shape. 
In LepidodeTidroUj the stems of which did not fork till a consi- 
derable height above the ground (XXVI. 1), the leaf scars were 
of rhombic form, and even in the youngest twigs were arranged in 
slanting rows on the stem (XXVI. 2, 3 ; XX. 3).* At the ends of the 
twigs hung the long cylindrical fruit {Lepidostrobus). The stems 
of SigUlaria on the other hand did not divide into branches 
(XXVI. 4) and the shield-shaped scars stand in vertical rows one 
over the other (XXVI. 6, 6). The long many branched cylindrical 
Stigmarias (XXVII. 1, 2), covered with circular scars, which are 
often found in thousands in the clays accompanying the coal seams, 
were the roots of the Sigillarise and Lepidodendra. 

The form next in importance as a coal builder to these two 
remarkable genera is that known as Calamites (XXV. 1), allied to 
the " horse-tails " of the present day. This also has a thick stem 
produced below to a cone (XXV. lb) and both stem and branches 
are provided with transverse divisions and longitudinal grooves 
(XXV. la). The spike-like fructification has been described as 
Calamostachys, Macrostachya^ etc. Nearly allied to CalamiteSj but 
differing in the fact that the longitudinal grooves at the articula- 
tions do not alternate but correspond with one another, is Archceo- 
calamiteSj with the well known important Culm form. A, radiatus 
{Calamites transitionis [XX. 1]). 

Asterophyllites and Annularta, like CeUamites and ArchoBO- 
ccUamiteSf belong to the family of CalamitidsB. Both possess 
jointed stems with long leaves arranged in whorls (XXV. 3 and 2). 
The systematic position of the genus SpKenophyUum (XXV. 4), 
oharacterized by wedge-shaped leaves, is on the other hand still 
uncertain. 

The Oymnosperms possess a far more restricted distribution 
than the Acrogens already mentioned. Cordaites with its large 
simple leaves and parallel nerves, is referred to the Gycads or 
Sago-palm group. The numerous silicified stems called Araucor 
rites or AraucarioxyloUj on the other hand belong to the Conifer» 
or pines. They first become rather commoner in the Upper 
•Carboniferous. 

As for the Fauna of the Carboniferous formation, it should be 

^ The so-called gentis Knorria (XX. 2) is the core of Lepidedendron 
4leprived of its bark. 

C. G. M 



162 II.— PAL-«OZOIC OR PRIMARY GROUP. 

noticed that among the lowest animals Foraminifera for the first 
time occur of unusual size and in considerable numbers. This is 
true especially of the genus Fusulina (with the chief species cylin- 
drica [XXVIII. 6]), which plays a part in the Upper Carboniferous 
like that of the Nummulites in the older Tertiai^. 

The Corals were represented in the Carboniferous, as in the 
Devonian and Silurian, chiefly by Tabulate and Rugose forms. 
Of the former, CluBtetes (XXVIII. 2), Michelinia (XXIII. 7), and 
Syringopoi^a should be mentioned as the important genera ; of the 
latter Amplexus, Zaphrentis (XXIII. 6), Lithostrotion (XXIQ. 6). 

The Echinodermata were, as in all the older formations, repre- 
sented especially by Crinoids, which reach in the Carboniferous 
the highest point of their development. In North America 
especially they are found of great variety and beauty. The most 
widely spread are Actinocrimcs (XXIII. 2), Hatycrinus (XXIII. 3), 
Rhodocrinus. Besides these true Crinoids the bud-like Blastoids 
with the genera Pentremites (XXIII. 1), GranatocrinuSy etc., 
should be mentioned as characteristic types of the Carboniferousl 
Echinoids on the other hand were still rare. To this group belong 
Palcechintts (XXIII. 4), the large genus MeUmiteSj not uncommon 
in North America, and Archceocidaris, characteristic of the Upper 
Carboniferous. All these forms belong to the FalechinidsB, which 
are distinguished from the greater number of younger and recent 
Echinoids by the constitution of the test out of more than twenty 
rows of plates. 

Brachiopods are still abundantly represented, although, in com- 
parison with the Devonian, there is a decrease in the number and 
variety of the genera. Several of the older PalsBozoic forms, such 
as Atrypa and Pentamerus are no longer present in the Carboni- 
ferous. Producttb8 ia by far the most important genus; first 
represented by a small species in the Middle Devonian, it 
develops in these rocks an extraordinary number of species, some 
of large size. Prodnctus semiretictUattis is almost worldwide in 
distribution, and Pi\ giganteus (XXII. 2), is the largest of all 
known brachiopods. Next to ProductuSy ChoneteSf SpirifeVy 
Rhynchonellay OrthiSj Athyris^ and Terebratvla are the most 
abundant. The last named genus occurs here for the first time 
with large typical species, such as T, Jiastnta (XXH. 7). 

Among the Lamellibranchs Aviculopecten (XXVII. 4), Posido- 
nomya (with the important typical Culm fossil P. Becheri [XX. 4]) 
Conocardiurn (XXII. 8), Cypricardintay Anthracosia (XXVII. 5), 
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CardiomorpJia, Edmondia, etc., are especially important ; among 
the Gasteropoda, Euomphaltis (XXI. 4), PleurotoTnaria, Loxonema, 
Macrochcilus, Acrocvlia (XXI. 6), BeUerophon (XXI. 3), Chiton 
(XXI. 6), etCw Lastly we must mention as a specially remarkable 
feature the first appearance of air-breathing Molluscs {Pupa^ 
Zonites) which have been found principally in the coal-bearing 
beds of North America. 

Of the Cephalopoda, Orthoceras, CyrtoceraSy Nautilus and 
Ooniatites are the most widely spread ; neither of the first named 
genera, however, is so abundant as in the older formations. The 
Carboniferons Nautili are mostly distinguished by strong project- 
ing spiral ribs and angles, and by knobs and tubercles ; the shell 
is often not closed in the middle (XX. 7). In the Gbniatites the 
structure of the chamber walls has become more complex than in 
the Devonian forms. Only a few genera, such as ProlecaniteSy 
are common to the Upper Devonian. Some, like Olyphioceras 
(XX. 5, 6), Brancoceras (XXI. 1) and PericychiSj recall, by their 
sutures, Devonian forms ; whilst others, on the other hand, such 
as Pronorites (XXI. 2), with numerous, partly bifurcated, lobes, 
announce, as it were, the coming Ceratites type. 

In correspondence with the great development of land plants in the 
Carboniferous period, Insects, Spiders, and Millipedes (XXVII. 7-9), 
become more numerous and more various. Among the Crustacea 
the trilobites, which even in the Devonian were much reduced, are 
now almost limited to two genera, PhiUipsia (XX. 8), and Griffith- 
ides, which are peculiar to the Carboniferous. But with these 
occur various other Crustacea, such aa Ostracods, Phyllopods, 
Limulids {Prestwichia, Belinurus [XXVII. 6]), Isopods, and even 
Decapods {Anthrapalcemonj Crangopsis). 

Lastly, among Vertebrates, as yet only fish and a few Amphi- 
bians are known in the Carboniferous. Of the former there are 
found fin-rays (Ichthyodorulites) and the grinding teeth of various 
Selachians, for which Agassiz has established the names Cfyrch 
canthuSj CtenaccmthuSy Psammodus, OroduSj Cochliodt^, etc. 
Along with these there occur heterocercal Ganoids, with the 
genera Palceoniscus, Acrolepis, etc., and Dipnoi, with Ctenodus, a 
successor of the Devonian Dipterus. 

The Amphibia are generally rare ; and the forms found, such as 
BranchiosauruSj Keraterpeton, Dendrerpeton, etc., all belong to 
the group of Stegocephala, which does not reach its full develop- 
ment till Permian and Triassic times. 
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F. PERMIAN SYSTEM. 

GENERAL AND HISTORICAL. 

The Permian, the youngest of the PalaBozoic systems, consists 
chiefly of conglomerates, sandstones, shales, limestones, dolomite and 
gypsum. It is very different in different places, but is always 
situated stratigraphically above the Carboniferous beds and below 
the Trias. 

The deposits of this period have been known longest in Central 
Germany, and especially about Mansfeld, where for centuries 
important mines have been worked in the Permian Kupferschiefer, 
and where also the old names Rothliegende and Zechstein, applied 
to the chief divisions of our Permian rocks, had their origin. 

The name Permian System now in general use, was first pro- 
posed by Murchison in 1841 for a thick series of sandy and marly 
rocks which are very widely spread in the old kingdom of Perm, 
of which the present Russian '* Oovernment " Perm forms a part 
Geinitz, who since the middle of the century has occupied himself 
diligently with the study of the deposits of this age,^ sought to 
naturalise, instead of the term Permian, that proposed by Marcou, 
viz., Dyas, a name alluding to the sharply marked division into 
two of the formation in Germany. This term, however, has not 
been able to supplant Murchison's older name. 

In Germany the Permian beds everywhere group themselves 
very clearly into a lower conglomeratic sandy subdivision, the 
Rothliegende; and an upper calcareous clayey, the Zechstein. 
The first name is derived from the old expression, '' rothes, todtes 
liegendes,'' by which the old Mansfeld miners designated the red, 
unmetalliferous sandstones which formed the foundation (Liegendes) 
on which the Kupferschiefer rests. The name Zechstein is con- 
nected with the mine-houses (2iechenhlluschen) of the numerous 
small pits which, serving for the winning of the Kupferschiefer, 
were usually placed on the Zechstein limestone ; or with the tough 
(z&he) and solid character of the latter. In Germany the two 
groups behave quite independently of each other ; the one indeed 
lies on the other, but often either one or the other is absent. This 
relation of the two groups, which is repeated also in England, is 
due to the fact that the Zechstein was everywhere deposited so as 

* Geinitz u. Gutbier ** Die Verstein. d. Zechsteingebirges und des Both- 
liegenden in Sachsen " (1848-49). Geinit*, " Dyas." (1861-62. With appen- 
dices 1880 and 1882). 
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to overlap older beds, and hence possesses an extent quite different 
from that of the Rothliegende. In other countries however, such as 
N. America and Russia, no division into two like that in Germany 
is recognisable, but there is present only a single series incapable 
of division. 

In both the last named regions, the Permian System is so closely 
connected with the underlying Carboniferous and also with the 
overlying Trias, that its upper and lower limits can be determined 
only with the greatest diiSculty, and are indeed to a certain extent 
arbitrary. In Germany also the Rothliegende is in some areas 
connected with the Carboniferous beds in a similarly close way, 
and the Zechstein usually passes upward quite gradually into the 
Bunter sandstone. 

The fauna of the Permian deposits throughout the whole of 
Western Europe is very poor. In the Rothliegende, remains of 
animals are limited chiefly to the middle parts of the group. They 
consist of a few fish, amphibians, Crustacea, insects, and shells^ 
along with which a few land plants are present, but no undoubted 
marine shells. In the Zechstein are found brachiopods, lamelli- 
branchs, gasteropods and cephalopods ; but they are few in number 
and almost all are remarkably small, one may almost say stunted. 
Many have been inclined to explain these facts on the view that 
the animal kingdom of Palaeozoic times, so rich in the Carboniferous 
Limestone, died away in Permian times ; and in the second half of 
that period, during the deposition of the Zechstein, was already in 
great part extinct, while the later Mesozoic types were not yet de- 
veloped in their place. In later times, however, an extremely rich 
and varied marine fauna of Permian age has been discovered in 
India, Armenia, and also Sicily, so that this explanation is no 
longer tenable. We must rather consider that the poverty of the 
West European Permian fauna was a consequence of peculiar 
unfavourable conditions of life. It is very possible that Th. Fuchs 
has hit the mark when he supposes that the Zechstein was deposited 
in an inland sea like the Black Sea of the present day. For the 
fauna of that brackish inland sea shows the same characteristics of 
uniformity and poverty compared with a normal marine fauna, 
as the Western Europe Zechstein compared with the Indian Per- 
mian fauna. If therefore one would learn to know the normal 
Permian fauna, one should seek for it not in England or Germany^ 
but in S. Europe and Asia. 

The great resemblance which the Permian marine fauna shows to 
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that of the Carboniferous Limestone — a resemblance which is found 
not only in the German Zechstein but also in the rich Asiatic and 
American Permian limestone — has led several geologists to look 
upon the Permian as simply an appendix or younger phase of the 
Carboniferous. This has not only become almost universal in France, 
but GUmbel also, in his " GrundzUge der Geologic " distinguishes 
(1) Sub-Carboniferous, (2) Carboniferous proper, (3) Post-Carbon- 
iferous or Permian. On the other hand some have sought to unite 
the Permian with the Trias. Thus in the first decades of the cen- 
tury Conybeare and John Phillips united the English Permian for- 
mation with the overlying red Triassic sandstone, to form a younger 
sandstone formation, the New Bed Sandstone or Poikilitic 
(from ToiKiXo?, variegated, on account of the lively colour of the 
beds in question) ; and in more recent times geologists have several 
times returned (for example in Woodward's " Geology of England 
and Wales," 2nd ed., 1887) to this classification, which has also 
had its supporters at the International Geological Congress. 

We cannot hold either the one or the other of the preceding 
views correct. The marked Palseozoic character of all the hitherto 
known Permian faunas tells against the union of the Permian with 
the Trias. Its incorporation with the Carboniferous is scarcely 
permissible on account of the overlap of the Rothliegende over the 
Carboniferous and its consequent very different distribution. 

To these important facts, which speak for the individuality of 
the Permian Formation, may be added another not less important, 
namely, that with the commencement of the Permian period in 
South Europe, India, and North America, the first appearance of 
true Ammonites and Reptiles began. Although the latter probably 
existed in Carboniferous times— which however is by no means 
certain as yet — they were then very rare, whilst with the com- 
mencement of the Permian epoch they reached a general and wide- 
spread development. These facts, as well as the close relationship 
of the flora of the Kupferschiefer not to the Carboniferous, but to 
the Triassic flora, seem to justify the separation of the Permian 
from the Carboniferous, whilst at the same time it is separated 
from the Trias also on palsBontological grounds. 

Lastly it should be noticed that the Permian period, like the 
second half of the Carboniferous, was throughout the whole of 
western Europe a time of intense and wide-spread earth movement, 
with which great eruptions went hand in hand. This is ttue 
especially of the epoch of the Rothliegende, in which throughout 
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Oennany, France and England, large masses of qnartz-porphyry, 
porphyrite, melapbyre, and similar eruptive rocks reached the sur- 
face. These, in the form of sheets, beds, veins and dykes are in some 
places so abundant that the normal sediments are very much 
reduced. As in other formations, these massive rocks are here 
accompanied by tufaceous forms (claystones, etc.). It was with the 
commencement of the Zechstein that the oscillations and eruptions 
began to abate, and a quieter and ihore regular deposition of beds 
commenced. 

DISTRIBUTION AND COMPOSITION OF THE PERMIAN 

German Facies. 

Germany. — On account of the sharp separation which exists 
throughout Germany between the Zechstein and the Rothliegende, 
it seems advisable to describe the two groups separately. 

1 . The Rothliegende, 

In Germany this is a series, on an average some 2,000 feet thick, 
composed chiefly of conglomerates, sandstones and shales, very poor 
in lime or entirely free from it. The lively red colour of all the 
rocks, due to oxide of iron, is very conspicuous and characteristic. 
In the lower part of the series weak coal seams not unfrequently 
occur — a circumstance which, together with the great resemblance 
of these lowest beds, both petrographically and palseontologically, 
to the uppermost Coal Measures, renders the name '' Kohlenrothlie- 
gende,'' used by E. Weiss and others, not inappropriate. 

The classification of the German Rothliegende is in the main due 
to the work which has been carried out since 1860-70 for the 
construction of the Geological Map of Prussia. Up to that time 
there was no definite horizon for the comparison of the Eothlie- 
gende deposits of different regions; but such a horizon was fijced 
by these researches, among which those of E. Weiss ' in the region 
of the Saar and the Nahe were especially important. 

The recognition of the fact that the fish and amphibians of the 
so-called Lebach beds of the Saar area are also found in company 
with plants in Lower Silesia and Bohemia, was of special im- 
portance. Since this is the only fauna and flora of our 

» " Verhandl. naturhistor.Ver. BheinL-Westf." (1868), p. 63. " Foesile Flora 
d. jtingst. Steinkohlenf. u. d. Bothliegend. im Saar-Rhein-Gebiet " (1869-72). 
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Bothliegeiide which possesses a definite palseontological individu- 
ality, it was necessary to make it the Central Division of the 
whole series, whilst the under- and overlying parts were separated 
as the Lower and Upper Rothliegende. As E. Beyrich found in 
his detailed researches on the S. Harz Rothliegende, the Middle 
Bothliegende is distinguished, not only by its organic remains, but 
also by the fact that the chief eruptions of the massive crystalline 
rocks which occur in the Rothliegende of Germany, from the Saar 
nearly to Upper Silesia, took place during its deposition. Conse- 
quently the deepest beds of the Rothliegende, Beyrich's Unterroth- 
liegende, are free from fragments of eruptive rocks, .while on the 
other hand the conglomerates of the Up()er Rothliegende are chiefly 
composed of fragments of Porphyry, Melaphyre, etc. 

The threefold division of the ^German Rothliegende, thus result- 
ing, into: (1) a Lower pre-eruptive (coal-bearing) group, (2) a 
Middle group with Lebach Flora and Fauna, and the chief mass 
of the porphyries, porphyrites, etc., and (3) an Upper post-eruptive 
group, with conglomerates of porphyry, etc., has, however, recently 
been given up by the Geological Survey in favour of a two-fold 
division. According to this grouping, the Upper Rothliegende 
remains of its original extent, while the Lower and Middle Roth- 
liegende of earlier times are united as Lower Rothliegende. The 
reason for this change lies in the fact that the coal-bearing con- 
glomerates, sandstones, and shales which Beyrich had originally 
included as Lower Rothliegende in S. Harz, and which were 
mapped as such in the first issue of the Prussian map,^ were 
afterwards recognised by Weiss, on account of their flora, as the 
equivalents of the Ottweiler beds of the Saar area, and were there- 
fore included in the Upper Coal formation.^ Since in the same 
way in other areas, a part of the deposits hitherto classified as 
Kohlenrothliegende, seem to belong to the Carboniferous, and since 
the mutual relations of the Lower and Middle Rothliegende are 
always closer than those of the Lebach beds and the Upper Roth- 
liegende — the latter of which proves itself distinct by its extensive 
overlap over the deeper beds — the new two-fold division of the 
Rothliegende in fact appears very natural. 

Lastly, with reference to the general mode of lie of the Rothlie- 
gende, it is to be noticed that it occurs partly, as in the region of 

' Sheets Nordhausen, Benneckenstein, etc. (1870). 

* They are thus referred in the more recent (1882) geological map of the 
Harz (Lossen). 
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the Saar and Nahe, in intimate connection with the Productive Coal 
Measures, and partly and more particularly quite independently of 
these. In the latter case it is especially spread around the outer 
border of many old mountain cores, such as the Rhenish Schiefer* 
gebirge, the Thtlringerwald, the Harz, Erz- and Riesen-gebirge^ 
Bohmerwald, Spessart, Odenwald, Black Forest and the Vosges. 
Everywhere, however, the lie of the Rothliegende is more or less 
horizontal. 

By far the most extensive and important area of Rothliegende 
in Germany is that in the region of the Saar and Nahe, south of 
the Hunsrtlck. The Rothliegende beds here occupy the large space 
between the Devonian Schiefergebirge on the north, and the Trias 
of the Palatinate on the south, and stretch beyond the plain of the 
Rhine, between the Taunus and Odenwald, into the Wetterau. 







OJR 

Fig. 2S.~Section through the Rothliegende and accompanying eruptive rocks on the left 

bank of the Nahe above Miinster (H. Laapeyree). 

Q.P. Quarts porphyry. 0,C, Upper Cusel beds. U.L. Lower Lebachbeds. Jf. Melaphyre 
with beds of schist. M'. Melaphyre dykes. D,T>, Fault. 

The lowest beds of the series lie quite conformably and without 
any sharp boundary on the Ottweiler beds of the Carboniferous 
rocks, which rise up from below the Rothliegende in the form of a 
large anticlinal stretching north-easterly from the Saar. In these 
Rothliegende beds Weiss distinguishes three groups, namely, the 
Cusel beds,. the Lebach beds, and the Upper Rothliegende. Fig. 
20 shows clearly the basin-like arrangement of the strata and 
their overlap over the underlying Coal Measures on to the Devonian 
rocks. The Zechstein is absent here, as it is throughout the 
country west of the Rhine ; and the Bunter sandstone follows the 
Rothliegende, with here and there a visible unconformity. Figs. 
20 and 23 also show the numerous, sometimes very massive and 
extensive, sheets and beds of porphyritic eruptive rocks (especially 
Melaphyre), which are interbedded with the two lower groups, but 
especially with the Lebach beds, and which are so characteristic of^ 
this area. 
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The petrological constitution and chief fossils of these beds are 
shown in the following table : — 
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Felspathic Sandstone and conglom- 
erate. 

Black shales, with weak coal seams 
and nodules of clay ironstone (with 
Archegotaurus [XXX. 1], Acanthodet 
[XXIX. 8], AmUupUruB [XXIX. 2], 
Walcliia piniformis [XXIX. 1], CtU 
lipteris conferta [Fig. 26] etc.), at 
Lebach ("Lebach ore") and other 
places. 



Sandstones and shales, with coal 
seams and collections of Anthra- 
coiia (XXX. 8). 

Bed and grey sandstones, and shales 
with calcareous banks. Callipteris 
con/erta^ Calamitea gigcu^ and other 
Permian forms appear here for the 
first time. 



o 



ft 

o 



Ottweiler beds. 



The two lower groups, which before Weiss' time were referred 
to the Carboniferous, are limited to the regions of the Nahe and of 
Darmstadt and the Wetterau, while the Upper Kothliegende 
stretches to the north-west, round the HunsrGck into the so-called 
Trier (Treves) Bay, and on the eastern border of the Schiefer- 
gebirge of the Lower Rhine extends from the neighbourhood 
of Giessen to the region of the Eder. The Bothliegende here lies 
horizontally upon steeply inclined Devonian and Culm beds, which 
have afforded the chief material for its conglomerates. 
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To the north of the Thti ringer Wald, and again to the south 
of the Harz (Ilefeld), the Eothliegende is also developed in 
•essentially the same fashion. 

The sandstones and congldmerates which occur so widely in the 
Mansfeld area and the KyffhSiUser as the foundation of the 
Zech^tein, have hitherto been looked upon as Permian, and have 
been coloured as such on the map of the Prussian Geological 
Survey.^ Later researches, however, not yet published in full, 
allow of no doubt that only the uppermost part of the series (the 
Porphyry conglomerate and overlying shales) belongs to the Roth- 
liegende and indeed to its upper division ; while the whole of the 
beds below, which are separated by an unconformity, belong to 
the Productive Coal Measures. These conclusions are based mainly 
on the results of a deep boring in the neighbourhood of Halle-on- 
the-Saale (near Schladebach). Another point that requires notice 
in this area is, that in the beds of Rothliegende immediately below 
the Zechstein. the colour is frequently washed out, and the beds 
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Fig. 24.--Sectaon through the Bngebirge basin ftt Chemnits (Siegert). 

p. Engebirge Phyllite. «. Siluxian. c. Carboniferoas. r. BothUegende. P. Quarti 

porphyry, t. Tuff. 

are locally impregnated with copper ore from the Zechstein above. 
They are then known as the Weissliegende. 

The Rothliegende also occupies a pretty considerable area in 
the kingdom of Saxony. Its chief development is in the so-called 
Erzgebirge Basin, near Chemnitz, Zwickau, etc. As in the 
West, we can here distinguish a lower coal- bearing division, 
including numerous eruptive beds, with WcUchia piniformiSy 
CaUipteris conferta^ Calamites gigas^ and other type forms of the 
Lower Rothliegende; and an upper division composed chiefly of 
fragments of various eruptive rocks. Whilst the latter is un- 
doubtedly the equivalent of the Upper Eothliegende, the former, 
according to the researches of Sterzel,^ corresponds with theLebach 
beds. The deeper Cusel beds are absent in this area, and thus is 
brought about the unconformity visible in the accompanying section 
i(Fig.,24) between the Rothliegende andthe underlying Carboniferous. 

* Sheets Connem, Wettin, etc. 

* '*£rl&ut. z.Blatt Stollberg-Lngauy der geol.Specialkarte d. K5nigreichs 
^chsen '' (1881). 
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Among the Saxon occurrences of Rothliegende that of the* 
Plauenscher Grund near Dresden is of especial interest, on 
account of the abundance of Stegocephala (BraiichiosaurtiSf Pelo- 
saurus, ArchegomuruSj etc.) and of the oldest reptiles yet known in 
Germany {PdLceohatteria)^ in calcareous beds of Lebach age, near 
Niederh&sslich. Similar Stegocephala have also been found in beda 
of the same age at Oberhof, Manebach, and Friedrichsroda in th& 
Thtlringerwald, and in a boring near Offenbach on the Main. 

On the southern slope of the Biesengebirge and in the 
neighbourhood of Glatz and Waldenburg there is a consider- 
able area of Rothliegende. At the base,, resting directly on the 
crystalline schists of the Riesengebirge, lie coarse conglomerates ; 
above these come red sandstones and shales with interbedded bitu- 
minous shales and platy limestones, which at Ruppersdorf, not far 
from Braunau, and at other places contain the fish fauna of the 
Lebach beds.* These are followed by thick conglomerates and 
sandstones of the Upper Rothliegende, which near Radowitz: 
include considerable masses of silicified stems, the so-called fossil 
forest. 

In Central Bohemia also, on the north-west side of the great 
Siluro-Devonian trough, and on the Northern slope of the Rie- 
sengebirge, in the region of Lowenberg,^ the Rothliegende occu- 
pies a not inconsiderable space. ' Here, as in the more restricted 
area in the Black Forest, the Lebach Fauna serves as an im- 
portant horizon for comparison. 

ZecJuftein Formation, 

The deposits of the Zechstein, of considerably less thickness than 
the Rothliegende, form a calcareous-clayey-dolomitic series contain- 
ing Gypsum and Rocksalt. Like the Rothliegende it is limited to 
the borders of the old mountain cores, which it surrounds as a 
narrow fringe. In such a form the Zechstein is found on the 
northern slopes of the Riesengebirge, at the foot of the Harz, of 
the ThUringerwald and Frankenwald, on the east side of th& 
Lower Rhine Schiefergebirge, of the Spessart and Odenwald. The 
most southerly occurrence is that in the Neckar valley near 
Heidelberg. On the left bank of the Rhine no Zechstein is 
known with certainty, unless one supposes that it is here repre- 
sented by some sandy beds hitherto generally referred to the 

* Bey rich, Zeita. d. deuUch, geol, Oe$, (1856), p. 14. 
» Ferd. Romer, ibid, (1857), p. 57. 
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Banter Sandstone. This was a favourite idea of E. de Beaumont's, 
and has recently been supported by Leppla in the Hardtgebirge 
on the ground of a few bivalves found by him, which are said 
to agree with some of the Zechstein forms. In several areas, 
as in the Mansfeld, in the neighbourhood of Eisenach, on the 
northern slope of the Eiesengebirge and elsewhere, the Zechstein 
is underlaid by the Rothliegende ; but in many other places, as near 
Waldeck and Stadtberge, near Allendorf on the Werra, near Saal- 
ield, on the western border of the Harz, etc., the Zechstein lies 
directly on Carboniferous, Devonian or still older rocks. Econom- 
ically the Zechstein formation is important for two reasons, first, 
on account of its thick layers of rocksalt and chloride of potash ; 
and, secondly, on account of the amount of copper contained in it, 
which in the Kupferschiefer is often very considerable. In con- 
sequence of the old mines in this latter, there is no other series of 
rocks in Germany which has been so long known in all the pecu- 
liarities of its constitution as the Zechstein. As early as the 
beginning of this century, Freiesleben gave a perfectly correct 
description of the composition of these beds in the Harz and in 
Thtiringia.^ On the basis of this and of the work carried out by E. 
Bej^ch and others in later times for the Geological Map,* the 
Zechstein has been divided in this classical area as follows, from 
above downwards : — 



Bunter SandBtone. 



Upper Clay with (the newer) gypsum and dole- 
Upper Zechstein. ^j^ intercalations. 



Middle Zechstein. 



Stinkschiefer and Great Dolomite. 
(Older) gypsum, rauchwacke and ashes. 



Zechstein Limestone. 
Lower Zechstein. Kupferschiefer. 

Zechstein conglomerate. 



The lowest division of the Lower Zechstein, the Zechstein 
conglomerate of Be3nrich, is a pale, grey, calcareous, gravelly con- 
glomerate one or two yards thick. It is typically developed on the 

* *^Geogn. fieitr. z. Kenntn. d. Kupf erschiefergebirges " (1807-16). 
> (*Erlant. c d. Blattem Nordhausen, Frankenhausen, etc., der geol. 
Specialkarte von Preussen," etc. 
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southern border of the Harz, between Lauterberg and Sanger- 
hausen. Its connection with the Zechstein is shown by the fact 
that in its distribution it follows the Zechstein and not the Roth- 
liegende. In the Mansfeld area it is represented by a sandy or 
finely conglomeratic bed ^-2 metres thick, the Weiss lie- 
gende in its restricted sense.^ Near Oera Zechstein brachiopods 
occur in it. 

The Kupferschiefer is a black, marly shale, rather over 
half a yard thick, distinguished by containing bitumen and ore, 
and by its richness in fish remains. The amount of bitumen 
present is often so great that lighted pieces of shale will bum 
of themselves. The ore generally occurs as very fine granules, 
hardly visible to the naked eye, of copper pyrites, copper glance 
and variegated copper ore, iron pyrites, galena, etc., and usually 
decreases rapidly as we go upwards. It amounts at the most to 3 
per cent: nevertheless this remarkable occurrence of ore has- 
given rise to by far the most important copper mines in Grermany. 
These are now worked only in Mansfeld, where in 1882, 233,827 
Centner (about 222,000 cwt.) of copper, and 125,416 Pfund (about 
138,200 pounds) of silver were won ; but formerly mines were suc- 
cessfully worked in the Kupferschiefer at Eiechelsdorf and Bieber 
in Hesse, near Saalfeld. and at other places. With respect to the 
fish remains, the most abundant and widespread forms are 
Palceoniscus Preieslebeni (XXXI. 2) and PUttysomus gibbosus 
(XXXI. 1). Besides these, plants — especially twigs and fruits of 
VUmannia Bronni — and saurian remains {Proteroaaurvs Speneri) 
are met with. That the richness of the shale in ore and fish 
remains was not, as is often thought, due to springs rich in 
metallic salts which opened into a flat sea basin and caused the 
death of its inhabitants, is shown by the circumstance that the 
English marl-slate, which corresponds exactly with the Kupfer- 
schiefer, contains indeed many fish, but no copper ore. That the 
shale was deposited in a sea, is shown by the occasional occurrence 
of starfish and brachiopods. 

The Zechstein limestone is a thick grey platy limestone, 
generally some 10 or 11 yards thick. It contains the greater 
number of the animal remains of the Zechstein: Prodtictm 
horridtiB (XXXII. 1), SpiHfer unduLatus (XXXI. 6), Terebratula 
elongata (XXXI. 5), Cainarophoria Schlotheimi (XXXI. 7), 

» " Erlaut. z. Blatt. Mansfeld," (1884), pp. 27, 37. 
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Strophalosia Qoldfussi (XXXI. 4), 8chizodvs obscurus (XXXII. 
2), OerviUia cercttophaga (XXXI., 8) ; Avicvla speluncaria 
(XXXI. 9), Fenebtella retiformis (XXXI. 3). 

The Middle Zechstein consists at the base of the older 
Gypsum, sometimes accompanied by small veins of rocksalt, or 
of the so-called '^ ashes '^ and '' rauchwacke." The two latter, as 
Beyrich has shown, are only the remains of masses of gypsum 
which have been dissolved away. The "ashes'* occur in loose, 
friable to powdery, masses; the " ranch wacke '' in firm, often 
breccia-like, masses, which contain numerous fragments of the 
covering rocks, that is, of the Stinkschiefer. Both have the 
composition of dolomite. The Stinkschiefer is a thin-bedded, 
dark greyish brown, very bituminous limestone, which on being 
broken emits a fetid odour. It is present only in East Harz and 
KyffhSluser; but further west is represented by the Great Dolo- 
mite, a pale, sometimes thick-bedded, sometimes nearly unbedded, 
blocky limestone, which reaches a thickness of 150 feet, and not 
uncommonly (especially at Niedersachswerfen not far from Nord- 
hausen) contains GerviUia ceratophaga, Mytilua (Liehea) Hatbs- 
mannif Schizodus obscurus, Terebratula sufflata and other fossils. 

Lastly, the Upper Zechstein consists of tough bluish or red 
shales, in which numerous masses of gypsum, sometimes accom- 
panied by ash-like masses, and also nodules or bed-like layers of 
dolomitio limestone occur. The gypsum is largely developed in the 
Kyff hauser and on the southern and western borders of the Harz, 
where in the form of a high white wall it winds round the moun- 
tains. It everywhere contains numerous holes, the so-called 
Gjrpsschlotten, which have been formed by the carrying o£f of the 
rock in solution, and which by their downfall have caused super- 
ficial landslips. Originally the gypsum (sulphate of lime with 
water of crystallization) was anhydrite (the same salt with- 
out the water); and even yet, as has been proved by mining 
works, many of the gypsum masses pass down into anhydrite 
below. 

InThuringia the development of the Zechstein is quite like 
that in the regions named. In south-eastern Thuringia {e.g. east of 
Saalfeld) **Bryozoa reefs'* occur in the Upper and Middle 
Zechstein. These are thick unbedded dolomite masses which form 
high plateau-like hills, and are made up of Acanthocladia, Femes- 
feUaj Phyllopora^ and other Bryozoa thickly crowded together. 
These reefs (at Possneck, etc.) are always extraordinarily rich 
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in other forms. Struphalosia GtAdfrnsi, TerebreAula elongata, 
Spiriferina cristata, Avicula (Pseudomonotis) speluncaria, etc., 
are especially commoa. 

In Hesse alao the structure of the Zechstein differs but little 
from that in the Harz. The Stinkschiefer is unknown, and it is 
very characteristic of the region in question that the dolomite in 
the npper division of the series becomes a distinct group 60 feet 
and more thick, the Flattendolomite. In consequence of this, 
the Upper Zechstein in the Hessian area falls into three groups, the 
lower gypsiferous clays, the Flattendolomite, and the upper gypsi- 
ferous clays. Near Frankenberg the Zechstein is somewhat 
different A lower zone of grey clays, limeatonea and dolomites, 
which include remains of 
plants fossilised in copper 
glance,^ and which repre- 
sent the Lower Zechstein, 
is followed by a coarse 
red conglomerate like the 
Hofhliegende, with inter- 
bedded dolomites.^ In 
the Wetteran, the 
Middle Zechstein accord- 
ing to Backing ia partly 
represented by salt-bear- 



a. DiUc and Tartiary. b- BameruniUtone. the SpeSSart by dolo- 

■■"""T'i^'S.TS-^""*"- »i'« •ceomp.nirf by 

ironstone. 
Especial mention should be made of the extraordinary abundance 
of salts in the German Zechstein. The great salt-beds which 
occur on the north of the Harz, and are worked at Stassfnrt, Egeln, 
Vienenburg and other places, are the best known. They are especi- 
ally interesting and important because the mass of rocksalt, which 
is some 1,200 feet thick, is followed by a zone 150 feet thick of 
potash and magnesia salts (the so-called Abranmaalze). (Fig, 25.) 
Moreover, the bed of salt several thousand feet thick, pierced by a 
Ijoring at Sperenberg (thirty-three milea south of Berlin), and 

 Among them especially twigsof Ulmannia Bronni, the " Fraukenberger 
Komahren " (ears of com) of the old minerB. 

* Kolzapfel, " Die Zechstein form, am Oatrande d. rhein. Schiefer-geb." 
(1879). 
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probably stretching under the German metro})oli8, very likely 
belongs to the Upper Zechstein ; and this is also the case with 
numerous other salt occurrences (Lieth on the Lower Elbe, Liine- 
burg, Kolberg, Greifswald, Inowrazlaw, etc.), which are scattered 
over North Germany and are sometimes indicated only by brine 
springs. 

France. — Only the lower division of the Permian, the Roth- 
liegende, is definitely represented. The principal areas, and these 
are but small, are in Autun and the Department of Herault. 

In Autan the Coal Mea.sures pass up quite gradually into the 
Permian, which is here divided into two stages, the upper of which 
lies unconformably on the lower. 

Upper Stage. Red Sandstone without fossils. 
Unconformity, 

'8. Shaly; often bituminous (boghead). Flora distinctly 

Permian. 
2. Bituminous shales at base ; shales and sandstone. Mixed 

Carboniferous and Permian flora. 
1. Bituminous shales followed by sandstones. Fauna 
. Permian. Flora contains many Goal Measure plants. 

In Herault on the south of the Central Plateau, Permian rocks 
are known at Lod^ve, where they are grouped as follows : — 

Slates of Lod^ve. 

Dolomites. 

Conglomerate and Sandstone. 

It is in one of the zones of the slates that the well-known 
Lodive flora is found. 

Britain. — In England the Permian is much better developed 
than in France ; and there is represented not merely the German 
facies, but also, to a certain extent, that of Russia. 

In the East of England the succession is closely comparable to 
that of Germany ; and we may take Durham as the type. Here 
the beds are divisible as follows : — 

(Red Sandstone and Marl, W 
Magnesian Limestone, 500'-6(Xy 
Marl Slate (bituminous ^ 

s^iee). shales with Palaoniscu$^ t Kupferschiefer. 

^ Pl€Uy8omus, etc.), KY-^ ) 

Rothliegende. White or yellow false-bedded sand, 2(y 

The correspondence with the German succession is very close. 
The fossils of the Magnesian Limestone are similar to those of 
c. G. N 
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the 2iech8tein Limestone ; and the fishes of the Marl Slate resemble 
those of the Kupferschiefer. 

Passing southwards the massive Magnesian Limestone becomes 
less uniform and is broken up by intercalated beds of marl and 
sandstone ; so that in Yorkshire the succession is — 

Upper Bed Marls 50' 

Upper Magneeian Limestone . . . . 60^ 

Middle Bed Marls SC 

Middle Limestone 15(y 

Lower Limestone 12(y 

Blue Limestones and Shales .... 15' 

Quicksands 10' 

In the West of England the Magnesian Limestone is always very 
thin, if present at all ; the Lower Permian on the other hand is 
frequently much thicker than in the east. In the Valley of the 
Eden the series is grouped as follows : — 



Bed Shales 250 ft. 

10'-25' 



jj J Magnesian Limestone of Hilton Beck 

PPer -j Thin-bedded Sandstones and Shales with im 

I pure coal and limestone (Hilton Sh.) . 

/* Breccia (Upper Brockram) 
Lower 5 Bed false-bedded Sandstone 

(.Breccia (Lower Brockram) 



40* 

150' 

800-1000' 

100' 



Owing to the rarity of fossils no exact correlation of these beds 
can be attempted. The Hilton Shales yield Ulniannia, Alethop- 
teriSf OdontopferiSj etc., and perhaps correspond with the Marl-slate. 

According to Professor Hull the Lower Permian of the West of 
England presents two facies, and was deposited in two areas 
separated by a ridge of land which croases the plain of Cheshire. 

Russian Facies. 

Russia.— The Russian Permian is distinguished from the 
German by the absence of the Zechstein limestone. It is true 
that this limestone with its characteristic fossils is found in the 
Baltic Provinces ; but in the south-east of the country, the district 
from which the formation derives its name, the Zechstein is quite 
differently developed. Here we find a thick series of varied 
alternations of sandstone, conglomerate, clays, marls, limestones, 
gypsum, rock-salt and coal. This series lies quite horizontally, some- 
times resting directly on Upper Carboniferous rocks, and extends 
over some thousands of square miles. Near the Ural it is accom- 
panied by sandstone containing copper ore (especially chessylite), 



« 
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the so-called Kupfersandstein. It passes upwards into varie- 
gated almost unfossiliferous marls. These were referred by 
Murchison to the Permian ; but the presence of Voltzia hetero- 
phylla, Equiseturti arenaceum^ and Etftheria minuta indicates 
their connection with the Trias, into which the Permian is thus 
seen to pass quite gradually. 

The Russian Permian contains partly remains of plants and 
partly marine mollusca. The former, which agree in the main 
with those of the German Rothliegende, are confined to the sandy 
beds ; the latter, among which are several species of the German 
Zechstein, to the limestones. There is, however, no separation of 
the beds into a lower sandy and an upper calcareous subdivision, 
as in Germany ; but there is a repeated alternation of plant and 
mollusc-bearing beds. Productus horridus (XXXII. 1), P. Can- 
crini, Strophalosia, Camai'opJioria Schlotfieimi (XXXI. 7), Tere- 
bratula dongcUa, GerviUia ceratophaga (XXXI. 8) and others are 
among the most abundant of this molluscan fauna ; which indeed 
surpasses the German Zechstein fauna in numbers, but like it, 
bears the stamp of poverty. 

According to Nikitin the series may be divided in Samara and 
Ufa as follows : — 

h. Upper Tartarian group. Bed argillaceous sandstone. 
g. Lower Tartarian group. Pink argillaceous limestone. 
f. Grey group. Limestones and marly sandstones with numerous Zech- 
stein fossils, 
e. Bed argillaceous sandstone with Zechstein fauna in its upper beds. 
d. Argillaceous limestone without fossils. 

c. Gypsum, clays and limestones penetrated by gypsum, without fossils. 
b. Dolomite and porous limestone with Permian fauna, 
o. Dolomite and porous limestone with Permo-carboniferous fauna. 

On the Western slopes of the Urals, the Fusulina lime- 
stone is succeeded by a series of sands and marls with coal, which 
was named by Karpinsky in 1874 the " Artinskische Etage." 
This series contains numbers of brachiopods, which for the most 
part are identical with Upper Carboniferous forms ; a few Ammo- 
noidea with strongly differentiated Ammonite-like lobes {Medli- 
cottia Orbignyana, etc., ThaUassoceras^ etc. [XXXII. 3-6]) ; * and 
numerous true reptiles. Altogether 300 species are now known 
from these passage beds, of which l&O are also found in the 

 

* Karpinsky, " Ammoneen der Artinsk Stufe M6m. Acad. St. P^fcersb.'* 
(1889). 
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Carboniferous, but only 63 in the true Permian rocks above.* The 
plant remains on the other hand are chiefly Permian forms. They 
have been described by Schmalhausen ^ and include Calamites 
gigaSf CaUipteris conferta^ several Walchias and UUmannias, 
Cardaioxylon, etc. 

The Artinsk stage is succeeded by marls and sandstones, and 
the whole is divided by Krasnopolski ' in the middle parts of the 
Ural range, as follows : — 

Bed stage. Clays and marls with beds of limestone and sandstone. 

Cupriferous Sandstone. 

Stage of marls and sands. Marls, sandstones, and conglomerates. Unto 
umbonattUj etc., Sclemya^ etc In places Productus Cancrini, P. Koninckianu8t 
Athyria pectinifera, Spirifer lineatus. 

Stage of dolomite and limestone, with gypsum (=upper horisons of the 
sandstones of Artinsk). 

Artinsk stage. 

The Permian Rocks known in the South of Europe, 
Central and Southern Asia, and in North America, are 
allied to the Uralian or Indo-uralian fades of the System, 
which is characterized by a rich marine fauna and which stands in 
the same relation to the German facies as the Russo-Asiatic Upper 
Carboniferous to the Western European. 

Alps. — This facies has long been known in the Alps. On both 
sides of these mountains the Permian is represented mainly by 
thick red sandstones and conglomerates which pass up imper- 
ceptibly into the Triassic Bunter Sandstone. The sandstones are 
known in the Eastern Alps as the Grddner Sandstone, the 
conglomerates, which are also found in the Apennines, as the 
Verrucano Conglomerate,* after the castle Verruco, in the Monte 
Pisano in Tuscany. In many places these beds include small in- 
tercalations of porphyritic rocks, especially of melaphyre; and 
the thick porphyry masses of Botzen and the similar rocks of 
Lugano also belong to the time of the Rothliegende. In the Val 
Trompia in the Brescian Alps and in other places the Reries in 
question contains well preserved plants agreeing with those of the 
German Rothliegende {Walchia piniformis, W. filiciformiSj Schiz- 

» Krotow, " Artinsk. Etage." Kazan (1885).— Tschemyschew, " M6m. dn 
Oomit6 g6ol. russe," iii. no. 4 (1889). 

• " M6m. du Com. geol." (1887). 

• "M6m. dn Com. g6ol. St Petersb." xi. na 1. 

^ The Permian age of the Apennine Verrucano has again become very 
doubtful. 
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opteris, Noeggerathia, etc.).* In the Karawanke and the Garinthian 
chain on the other hand Limestones which contain numerous 
swollen Fu Salinas, Pecten Hawni, Chonetes, Camarophoria aff". 
Schhtheimi and some species recalling (see ^age 188) the Permo- 
Carboniferous of Nebraska in North America, follow directly on 
and are in intimate connection with the marine Carboniferous.^ 

To a higher horizon, near the German Zechstein, is referred a 
thick-bedded Dolomite which is interbedded in the upper part 
of the Gr5dner Sandstone. In favour of this view we have the 
plant remains found by GUmbel in the shales of this zone near 
Neumarkt in the Tyrol, and afterwards proved in the Venetian 
Alps and at FUnfkirchen in Hungary, which agree in part with 
the forms of the German Kupferschiefer {UUmannia Bronni, etc., 
Voltzia, SchizolepiSf Baiera, Araucarites^ etc.). 

This is followed by the well-known Bellerophon Limestone 
of the Southern Tyrol. It is a dark-coloured limestone with a 
rich fauna of Permo-carboniferous type, which has been described 
by G. Stache, ' and which consists of numerous Bellerophons, 
Nautili, brachiopods {ProductvSj Strophomena^ Spirifer^ AthyriSy 
etc.), bivalves {Aviculopecten, ClidopJionts, OerviUia cf, cerato- 
phaga) Archceocidaris^ etc. Geologists were for a long time in 
doubt whether this limestone should be referred to the Permian 
or to the Bunter, but in recent times it has usually been reckoned 
with the former. 

Sicily. — An extremely rich and important fauna, resembling 
that of the Permian Fusulina limestone of the Alps, has lately been 
discovered in Sicily in the valley of the Sosio, and has been made 
the subject of a comprehensive monograph by Gemellaro.^ From 
below Triassic rocks of Alpine facies there rise up grey and white 
Fusulina limestones which contain an extraordinary number of 
Ammonoidea with more or less highly developed, and in part 
completely ammonitic, lobing. Along with Medlicottia^ Popano- 
ceraa and other forms common to the Artinsk stage (XXXII. 3-6), 
we find here numerous species of the new genera WdagenocercLS^ 
Stacheoceras, Daraelites^ AdrianiteSj in all 17 genera and 54 
species. To these are added many Nautili of Carbo-triassic char- 

^ SOss, ^* Ueber d. Aequivalente des Bothlieg. i. d. SCLdalpen. Sitztingsber. 
d. Wien. Akad." (1868). 
> G. Stache, ZeiU, d. deuUch, geol, Gea, (1884), p. 867. 
» G. Stache, " Jahrb. d. k. k. geol. Beichs.'' (1877) p. 271 (1878) p. 94. 
* *^ Fauna del calcari con Fusulina del flume Soeio ^^ (from 1887 ouward). 
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acter, a whole series of Orthoceratites, a GyroceraSj also a great 
number of Gasteropods (BeUerophon, Pleurotomaria^ Loxonema, 
Naticopsis, etc.), brachiopods {Richthofenia)^ trilobites, etc. 

Asia. — Passing on to Asia we find a similar rich Permian 
fanna near Djulfa, in the valley of the A raxes. Along with 
brachiopods, among which Prodnctidae are very abundant, occur 
Ammonoids with Geratite-like lobes. 

A similar set of species has also been found in Darwas in 
Bokhara, and these are considered by Karpinsky the exact 
equivalent of the Artinsk fauna. But by far the most important 
of the faunas of this age is that of the Productus Limestone 
in the Indian Salt Range, which has become well known through 
the work of W. Waagen.' As remarked earlier, the lower part 
of this limestone, which is overlaid by Triassic formations, belongs 
to the Upper Carboniferous ; whilst as Tschernyschew has lately 
shown, according to the brachiopods, the middle part represents 
the Uralian Artinsk stage. The Ammonoidea, which are of the 
greatest interest, are few and are first found in the uppermost 
zone of the limestone ; but they show a high development (Medli" 
cottiaj Popanoceras, XenodiscuSy Arcestes^ etc.) as in the Artinsk 
Fauna. Along with these appear numerous richly sculptured 
Nautili, Orthoceras and Gyroceras, many Bellerophons and other 
shells, various bivalves — among which Lucina^ Lima and 
MyopJioria, are unusual appearances in Palaeozoic beds — and more 
than all, a great army of brachiopods. Among these the Produc- 
tidse (with Producttis, Marginifera^ Stropfudosia^ AtUosteges, 
and Chonetes) play a chief part; but Orthis, Leptaena, Strepto- 
rhynchus^ Terebratidaj Rhynchonella and others are also common. 
Common with the Upper Carboniferous are the remarkable coral- 
like genus Richthofenia^ Enteletes and a few of the extremely 
peculiar and aberrant gigantic Thecidse {Lytfjonia^ Oldhamina), 
There also occur a few Bryozoa, corals, sponges, Fusulinas, etc. 
With the Lower Carboniferous but few species are common (iVo- 
ducttis cora, P. lineatus, etc.), and on the other hand a large 
number are common with the Zechstein {Streptorhynchus pelar- 
gonaitiBy Camarophoria HumbletonensiSj Stropfialosia excavatay 
aS. fwrrescenSy Spiriferina cristata^ Polypora biarmica). 

Lastly we find a similar facies of the Permian in North 
America. In Virginia and Pennsylvania the Productive 

^ "Salt Range fossils. Productus Limestone. Paleeontologia Indica." 
<1879-88). 
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Goal Measures are conformably succeeded by the so-called Upper 
Barren Measures with CaUipteris oonferta and other true Rothlie- 
gende forms along with many Carboniferous types {Sphenophyllum^ 
Annularia longifoUa^ etc.). In the Southern and Western States 
on the other hand, in Texas, Nebraska, etc., the marine Upper 
Carboniferous is immediately succeeded by limestones which along 
with numerous Carboniferous forms (especially brachiopods) contain 
many undoubted Permian species (such as Avicvla speluncaria^ 
Pecten Haivni, Productvs Cancrini, Schizodus aff. obscuruSj etc.) 
and — what is of still greater importance — Ammonoids of the 
Artinsk group {MedHcottia^ PopanocerdSj Ptychites), and numerous 
reptiles long spoken of by Cope as Permian. In spite of the 
opposition of Meek, those beds should therefore be considered as 
Permian, in agreement with the views of H. B. Geinitz. 

It should still be mentioned that Permian, as well as Upper 
Carboniferous, fossils are known also from the Far North, from 
Spitzbergen and New Scotland. 

THE PEBMO'CAEBONIFEEOUS GLACIAL EPOCH. 

In the coal-bearing beds of India and Australia (supposed to be 
of Permian age), certain very remarkable and widely spread con- 
glomeratic deposits have long been known. They have been called 
in India the Talchir Conglomerate, in the colony of Victoria 
the Bacchus Marsh Beds. 

In a fine sandy or argillaceous base there are found blocks and 
masses of the most various character and size, sometimes scattered, 
sometimes in large numbers, without any arrangement. No 
bedding is to be seen in these deposits, and the blocks often show 
a polish and striation very like the blocks from glacial formations. 
It has long been maintained by various geologists that these re- 
markable deposits are of glacial origin, and this view has gradually 
gained ground, though it is yet by no means universally accepted. 

In more recent times similar formations have been found in 
Afghanistan and also in South Africa and Brazil. In Africa they 
are known as the Dwyka Conglomerate, and the important 
observation has been made that the immediate foundation on which 
the block-bearing beds lie, is smooth and striated quite like the 
rocky beds of the glaciers of the present, and of the glacial boulder 
clays of the North German Drift. 

Everywhere this conglomerate appears to have been formed at 
the end of the Carboniferous or in the Permian period. In South 
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Aualralia the Bacchus Karah beds — which rest npon Upper Garboni- 
feroua beds with maiine fossils — are OTerlaid by the coal-bearing 
Newcastle beds. These contain a flora which differs widely from 
the Garboniferoas and includes numerous Mesozoic plants (especi- 
ally Olossopteris [Pig. 26], also Oangamopteris, Phyliolheca, Noeg- 
gerathiopais, etc.) ; and like the orerlying Hawksbnry beds, they 
have lately been regarded as Permian The Hawksbury beds also 
commence with a conglomerate supposed to be of glacial origin. 

In India, the Talchir conglomerate is followed in the Salt Range 
by the Froductaa Limestone, which is in the main Permian ; and 
in the interior of the peninsula bj the Karharbjlri and Damuda 
series of the Gondw&na system, the lower part 
of which is Falteozoic and the upper part 
Jurassic. Both Earharb&ri and Damuda beds 
are characterized by Glossf^teris, Gangamop- 
teria, Noeggerathiopsia, Voltzia, Phyliolheca, 
Vertebraria, etc., like the Australian Newcastle 
beds. Lastly, in South Africa the above men- 
tioned Dwyka Conglomerate is followed by the 
coal-bearing Ecca beds with the same Glossop- 
teris flora, here also referred to the Permian.' 

Prom the foregoing remarks it follows that 

throughout the southern hemisphere, and as far 

north aa Southern Asia, there is found at the 

boundary of the Carboniferous and Permian, a 

peculiar and extensive deposit of blocks with 

glacial characters. It is very remarkable that 

these are everywhere followed, in Africa as well 

as in South Ai^ia and Australia, by a flora which 

contains none of the characteristic types of the 

Fia.w.—aionopUni Carboniferous period, but is made up of quite 

new and for the most part Meeozoic forms. If 

now, with Oldham, Blanford, Waagen, Nenmayr and others, we 

believe in a glacial origin of the deposits in question, we arrive at 

the conclusion that the climate of our planet was then colder, on 

account of which the Carboniferous flora gradually died away and 

room was made for the ancestors of the Mesosoic flora. Blanford and 

 It must be noticed that QlotiopltrU occurs also, but rarely, in tlie Car- 
boniterooa of Australia and South Africa. Aocording to FeiBtmantel it 
leacbea in India up to the Trias plant beds. But its chief developmeot 
U in the intervening Permian Period. 
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Waagen, indeed, go Et step farther and wonld bring the decline of 
the marine PalieoEoic faona alao into connection with the cold period 
occurring in the Bontbera hemisphere at the end of the Paiteozoic 
Period,' Sach far-reaching conclnsions, however, ought not to be 
definitely accepted until the glacial origin of these block-bearing 
deposits is placed beyond donbt. 

PALAEONTOLOGY OF THE PERMIAN. 

As in the Carboniferous so also in the Permian, the remains of 
plants as well as animals play an important part. The Rothlie- 
gende has yielded the chief part of our 
knowledge of the Permian flora ; but the 
German Eupferschiefer also and the Alpine 
and Hungarian plant beds of nearly the same 
age, contain a not inconsiderable flora, which 
contrasts with that of the RothUegende in 
the fact that it is of Uesozoic rather than 
Paleeozoic type. According to E. Weiss this 
contrast is so great that if we wish to draw 
the boundary between the Uesozoic and 
Palseozoic formations according to the Bora, 
we must draw it not at the Upper but at the 
Lower limit of the Zechstein. It scarcely 
needs remark that as we now limit the groups 
and formations, this peculiarity of the Zech- 
stein flora tells in favour of the distinction of 
the Permian from the Carboniferous system. 

The flora of the Bothliegende ie essentially 
like that of the Carboniferous and consists 
exclusively of land plants. The most abun- pto. 2j.-Cniiipr»ri« 
dant forms are Ferns, Calamites, and Conifers, «»/<iio, Brngn. 

while the Sigillarias and Lepidodendra so important in the Car- 
boniferous, and the Stigmaria connected with them, have almost 
entirely disappeared. Among the ferns CalUpterts (allied to 
Alethopteris, but the thin middle nerve of the pinnule ends before 
the point) conferta (Fig. 27) is especially important on account 
of its extent and abundance; among the Conifers, Walchia pini' 

 Waagen, " Die carbon. Eisteit. Jahrb. d. Wien. geol. Beicha." (1887). 
Translated in "Bee. Geol. Surv. of India " (1888] — Febtmant*!, " Sitinngs- 
ber. d. bohm. Ges.d.Wisa," (1887,88). Neumajr, "Erdgeschichte" ii, p. 
191.— Schenek, " Glacialersch. in Sudatrika. VerhandU d. 8 dentooh- 
Of>o|[r.-Tagf« " (1889). 
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formis (XXIX. 1), W, filicifarmis, and the interesting genus 
Gingko, The Permian G, primigenia Sap. is very like the modern 
type G. biloba of China and Japdn. The Cycads were repre- 
sented by Medtdlosa and Pterophyllum, The not uncommon 
silicified fragments of steins, formerly known as Anmcarites^ now 
as Cordaioan/lon, belong to the Cordaites group, intermediate 
between Cvcads and ferns. 

In the Zechstein also land plants play the chief part. Neither 
Sigillarias, Lepidodendra, nor Calamites are known here; but 
besides a few ferns {Sphenopteris, Alethopteri8\ we have chiefly 
Conifera, namely UUmanniaj Voltzia^ Schizolepis, Baiera and 
others, of which the last two are especially characteristic of the 
Upper Keuper and still newer beds. 

In the Permian of Australia, India, and South Africa, Voltzia 
and Pterophyllum are accompanied by Mesozoic types, such as 
especially the fern genus Glossopteris (belonging to the TaBniop- 
teridse), characterized by long, simple, undivided leaves ; the 
Bquisetid genera, Phyllofheca and Vei'tebraria, etc. 

As already remarked, we cannot form a complete picture of the 
Fauna of the Permian epoch from an examination of the impover- 
ished German fauna alone, but we must in the first place consider 
the far richer fauna of India, Sicily, and of the Bellerophon Lime- 
stone of the Alps. 

Of the lowest animals the Foraminifera are almost as important 
as in the Upper Carboniferous. Of Corals there is, however, in 
the German Zechstein scarcely any other than the Cyathophyllid 
Polyccelia, and the finely perforated Stenopora {Geinitzella) with 
the chief species columnaris. In the Indian Salt Eange, on the 
other hand, Michelinia, Pachypora^ Lcnisdaleia, and other genera 
are still present. The Echinodermata are everywhere rather rare. 
The Bryozoa on the other hand, which, as already noticed, locally 
form reefs (as at Gera, Possneck, etc.) everywhere play an import- 
ant part. Fenestdla (XXXI. 3), Polypora, PhyUopora^ Acantho- 
cladia, are especially widely distributed genera. 

The Brachiopods are of .very great importance in the Permian 
as in all the older Palaeozoic formations. In the West European 
Zechstein scarcely thirty of them are known, in the Indo-Uralian 
Permian on the other hand, some hundreds. As in the Carboni- 
ferous, so here also the Productidse excel all other families in 
abundance and variety of form. ProductiLS horridus (XXXII. 1) is 
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one of the characteristic types and reaches from Poland to Spitz- 
bergen. The Productid genera Avlosteges and Strophalosia 
(XXXI. 4), are important Permian forms, and the same is true of 
CamaropJioria (Schlotheimi [XXXI. 7], a specially widely spread 
species). The brachiopods of the German, Alpine, and Asiatic 
Permian have already been noticed above. 

In Germany, Lamellibranchiata, with the genera Gervillia (cer- 
atophaga [XXXI. 8]), Pseiuiomonotis {speluncaria [XXXI. 9]), 
ilrca, Pleurophorus, AUorismaj Schizodvs (obscurus [XXXII. 2]), 
etc., form, along with the Brachiopoda, the chief part of the Zech- 
stein fauna. Other striking genera of the Salt Range have already 
been specially noticed. 

The Gasteropoda are tolerably numerous, but, if one excepts the 
large banks of the genus Bellerophon in the Alps and in India, 
they ofiPer little worthy of special remark. 

The Cephalopoda of the German facies are limited to a few 
species of Naviilus and Orthoceras. In Southern Europe, Asia, 
and America, on the other hand, there occur not only both the 
genera mentioned — the Nautili with strongly sculptured shells re- 
calling the Carboniferous and Triassic species — but also Gj/rocerasy 
and more than all, a great number of Ammonoids. It has already 
been remarked that some of the latter possess undivided goniatite- 
like sutures, some ceratite-like (zigzag lobes, simple saddles), or even 
completely divided ammonite-like sutures (cf. PI. XXXII.); and 
the most abundant genera have already been mentioned. 

Of the Articulata, Ostracoda are tolerably widely spread both in 
the German Rothliegende and in the Zechstein. Among the Phyl- 
lopoda the g&nxi» Estheria should be mentioned ; while Oampsonyx 
fimhriatus (XXX. 2), not uncommon near Lebach, has been referred 
to the Amphipoda. Trilobites, which even in the Carboniferous 
rocks were approaching extinction, have their last representative 
in the Russian and North American Permian in a form of the genus 
PhiUipsia. Myriapods and Insects are found in the Kohlenroth- 
liegende in considerable numbers. 

Among the most interesting and peculiar members of the 
Permian fauna are the Vertebrates, which are represented by Fish, 
Amphibians, and Reptiles. In Germany, the Lebach beds and 
the Kupferschiefer are the chief beds in which they are found. 

The fish are mainly heterocercal Ganoids. They include the her- 
ring-like Palceoniscua and the rhombic Platysomtis {PaL Freies- 
lebeni and PU gibbo9U8 [XXXI. 2 and 1], the two commonest forms 
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of the Kupferschiefer) ; the large, slender, easily recognised genus 
Acrolepis (Kupferschiefer) with its diagonally grooved scales; 
Arnblyptertis (rnacropterus [XXIX. 2], common in the clay-ironstone 
nodules of Lebach), etc. The genus Acanthodes {gracilis [XXIX. 
3], in the Kohlenrothliegende), distinguished by its very small 
rhombic scales, and by the spines with which its fins are armed, 
CcRlcicanthtLS, and others also belong here. Janasaa^ the teeth of 
which, consisting of numerous denticles, are found in the Kupfer- 
schiefer, belongs to the Bays; while the genus Xenacanthus or 
Pleurcbcanthus {Decheni, a type form of the Rothliegende) with cha- 
grin skin, large neck spines, long£ns provided with a bony axis (the 
so-called Orossopterygian iins), etc., is an interesting synthetic type. 

The Amphibians of the Permian period belong to the Stegocephala 
or Labyrinthodonts, a family reaching from the Carboniferous to 
the Triassic. They were animals of very various appearance, like 
salamanders, lizards, crocodiles, or snakes. Their metamorphosis 
and double occipital condyles show that they were Amphibians. 
The lower side of the sku]l is formed as in these ; but in the upper 
side and the scaly covering of the body they are like reptiles. 
The Stegocephala thus form a characteristic synthetic t3rpe and 
at the same time, as the incomplete ossification of their skeleton 
shows, an embryonic type. The head and the region of the throat 
and breast were mailed in all ; in many the stomach also. Further 
peculiarities were the labyrinthine teeth (XXXVI. 2), the bony 
eye-ring, etc. In the German Kohlenrothliegende, the crocodile- 
like Archegosaurus (Decheni [XXX. 1], latirostris) is especially 
important. Other types, occurring in Saxony, Bohemia, and else- 
where, are Branchiosaurus^ Pelosaurtts, Melanerpeton, Protriton 
(XXX. 4), etc. 

Finally, the Permian Reptiles, the oldest, apparently, of their 
kind, belong to the two orders of Rhynchocephala and Thero- 
morpha. The former are lizard-like animals, represented in the 
present world only by the New Zealand genus Hatteria. Palceo- 
hatteHa^ from the Rothliegende of Nieder HSlsslich, near Dresden \ 
Proterosaurus^ from the Kupferschiefer, and others belong to this 
order. The Theromorpha, on the other hand, are limited ex- 
clusively to the Permian and Trias, and are remarkable for their 
relationships not only to other Reptilian and Amphibian orders, 
but also to the mammalia. Both orders occur in the Rothliegende 
and Kupferschiefer of Central Europe [Naomuras^ Parasauru^s), 
and still more in the Russian and North American Permian. 



III. MBSOZOIC OR SECONDARY GROUP. 

The deposits of the Mesozoic era, the '^ Middle Ages of the History 
of our Earth/' form a succession of beds many thousands of feet 
thick, which is now almost universally divided into three great 
groups or systems, namely, the Trias, the Jura, and the Cretaceous. 
From sections such as that in Fig. 28, this sequence of the three 
formations is visible at once. Few geologists agree with v. Hauer 
in separating a fourth division, between the Trias and the Jura, 
namely, the BhsBtic System, the uppermost part of the Trias of 
most geologists ; but there is no general agreement yet as to the 
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Fig. 28.— Section through the Mesozoic rocks of Hanover (Ileinr. Credner). 
1. Lower and Middle Banter sandstone, lo. Rdth. 2. Maschelkalk. 3. Keoper. 
4. Lias. , 6. Brown Jnra. 6. White Jura. 7'. Serpalite. 7. Hits. 8. Ganlt. 
A. Cenomanian. 10. Taronian. 11. Seuonian. 12. Drift and Alluvium. 



mutual limitations of the three Systems. Thus many observers, 
especially among the French, reckon the Rhaetic with the Jura, 
while others in England and Germany place it with the Trias. A 
marine formation moreover, the Tithonian, between the Jurassic 
nnd Cretaceous, is united by a number of geologists with the Cre- 
taceous, but by the majority with the Jurassic. The Wealden 
beds, lying at the base of the Cretaceous, were formerly placed 
sometimes with the Jurassic, sometimes with the Cretaceous ; but 
■are now almost universally united with the last named. 

As to the petrographical constitution of the Mesozoic rocks, there 
is, in comparison with the Palaeozoic deposits, a considerable in- 
crease of the calcareous rocks, which now, indeed, play the chief 
part. There is an almost complete absence of the clay-slates, sili- 

c. G. 1^3 o 
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ceoTis slates and quartzites so abundant among the Palaeozoic rocks^ 
and instead of them we have clays, shales, and sandstones. These 
together with limestones, marls, dolomites, gypsum and rocksalt^ 
are the predominant rocks of the Mesozoic Systems. 

The Mesozoic formations are in general little disturbed, especially 
in comparison with the Palseozoic deposits. A horizontal disposi- 
tion of the beds is the exception with these, but the rule with the 
Mesozoic rocks. It is only in the higher chains of mountains, such 
as the Jura and the Alps, and in the neighbourhood of great faults, 
that the beds become strongly folded or steeply inclined. 

The eruptive action which in Permian times was still so active, 
decreased very much with the beginning of the Mesozoic era. 
Over large areas of Germany, England, Prance and Russia, not 
the slightest trace of interbedded eruptive rocks or tuffs is found 
in the Mesozoic deposits ; and where they do occur, as in Southern 
Tyrol and the North of Scotland, they are limited to a narrow area. 

PalsBontologically the Mesozoic era is chiefly characterized by the 
occurrence of the first mammals, birds, bony fishes, and leaved 
trees. The great development of Saurians, Ammonites, and 
Belemnites, of the Hezacoralla, etc. ; the great reduction of the 
Brachiopods, so predominant throughout Palseozoic times, in com- 
parison with the Lamellibranchs, and of the Crinoids in comparison 
with the Echinoids; and lastly the complete absence of mailed 
fishes and Trilobites, of Cystidea, Rugose and Tabulate corals, 
Lepidodendra, Calami tes, etc., are important characters which, dis- 
tinguish Mesozoic from Palseozoic life. 



A. TRTASSIC SYSTEM. 
GENERAL AND HISTORICAL, 

The Trius, the oldest of the Mesozoic sjrstems, owes its name to 
the circumstance that in Germany, where it first became known 
in detail, it falls into three divisions sharply separated from one 
another, namely (from below upwards), the Bunter Sandstone, the 
Muschelkalk, and the Keuper. Even last century, in the time of 
Lehmann, Fuchsel, and Werner, the Bimter Sandstone and Musch- 
elkalk were distinguished as important groups of the " Flotzgebirge," 
but it was not till a much later period (1820-30) that the Keuper — 
the term originated in the district of Koburg — was separated from 



A.— TBIA9SIC STSTBM. 195 

the Moschelkalk bj L. v. Bach, Haasmann and others. It was in 
1834 that the three groups were first united under the name 
" Trias " by the Swabian observer v. Alberti.^ 

In no other country in Europe is the Trias so widely spread as 
in Germany, where it reaches from Lorraine and Luxemburg to 
Upper Silesia, and from the Jura far into the North German plain, 
and occupies a larger area than any of the other formations. The 
Triassic beds of England also, in spite of the absence of the 
Muschelkalk, are allied to the Grerman formation ; and this is true 
also of the Trias of the South of Sweden. The German facies of 
the Trias has consequently a very wide distribution in the centre of 
Europe. But if we pass, to other continents, it is only in a few 
regions, such as the eastern part of North America and the southern 
part of Africa, that we find a development of the formation in some 
degree like the '^ G er man." In all other areas in which Triassio 
rocks are known they belong to a very different facies, namely, 
that of the Alps. This ''Alpine " Trias is met with of great ex- 
tent throughout the Mediterranean area, in Southern, Eastern and 
Northern Asia, in Western North America, in Mexico and Peru, and 
even in New Zealand and others of the Australian islands, so that 
it forms the normal facies for the whole earth, while the German 
Trias is relatively a Very restricted local facies. The difference 
between the two modes of development is both petrographical and 
palseontologicaL The German Trias is, with the exception of the 
calcareous Muschelkalk, composed mainly of sandy or argillaceous 
rocks, — in England indeed these form almost the whole. In the 
Alps, on the other hand, the sandy rocks are very much reduced in 
comparison with the massive pure limestones, dolomites and marls. 
Still more considerable is the difference in fauna. In Germany it 
is only the Muschelkalk that contains a fauna of any abundance,, 
while the Keuper and still more the Bunter Sandstone are very 
unfossiliferous. But the fauna even of the Muschelkalk is poor in 
comparison with that of the deposits of the same age in the Alps. 
This is especially true of the deep-sea Cephalopoda, which in the 
German Trias are represented by a few small species, but in the 
Alpine Trias by a whole series of rich faunas. Thus the German 
Trias bears the same relation to the Alpine type as the German 
Zechstein bears to the fossiliferous Indo-uralian Permian. Just as 

^ " Beltrag zu einer Monograpbie des Bunten Sandsteins, Muschelkalkes. 
and Keupers." The same author afterwards published, the "Ueberblick 
nber die Trias " (1864). 
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in this case the usual view is that the latter was deposited in the 
open ocean, and the Zechstein in a brackish inland sea, so we must 
come to the like conclusion for the two different Trias types: the 
widespread Alpine Trias is the pelagic facies of the 
formation, the more restricted German Trias, on the 
other hand, is a shallow shore, bay or inland sea forma- 
tion. 

Besides the predominant sandy character of the rocks and the 
poverty of the fauna, numerous other facts tell in favour of such a 
mode of formation of the German Trias ; such as the common dis- 
cordant or cross bedding, the tracks of animals, impressions of 
rain drops, sun cracks, and ripple marks on the surface of the 
Bunter Sandstone, the salt-pseudomorphs found at the most various 
horizons, and the often very abundant remains of land plants. 

In consideration of this it may be questioned whether the Alpine 
Trias should not be described first, and the German afterwards. 
Bat the fact that the knowledge of the formation originated in Ger- 
many, and that the English Trias belongs to the German type, 
leads us to begin with the description of the German facies. 

The German Facies op the Trias. 

As above remarked, this falls into a lower clayey and sandy 
subdivision, the Bunter Sandstone, a middle calcareous, the 
Muschelkalk, and an upper sandy clayey, the K e u p e r.^ Since 
these three groups are sharply distinguished from one another, not 
only petrographically but also in part palseontologically, it will be 
advisable to describe them separately. 

The extraordinary extent of the Trias in Germany has already 
been referred to. It is the predominant formation everywhere in 
Central and Southern Germany, in Thuringia, Hesse, Franconia, 
Swabia and Lorraine. But it also occupies not inconsiderable areas 
in the southern part of the Eifel, and in the Trier Bay; in Hanover, 
Brunswick, and Magdeburg, and also in Lower and Upper Silesia. 
It forms small masses rising up like islands from the Diluvium in 
Brandenburg (especially near Rudersdorf not far from Berlin), near 
Lttneberg, etc., and its presence has been proved by borings near 
Cottbus, Bromberg, and in the neighbourhood of Stade. The most 
northerly occurrence of the Trias in Germany is in the island of 
Heligoland. Beyond the limits of the Empire, deposits of German 

* The t^rms used in France are "gr6s bigarre" (=Bunter), muschelkalk, 
and marnes Irishes (=Keuper). 
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Trias occur once in Poland, to which place they are continued from 
Upper Silesia ; while in the west they pass beyond the limits of 
Germany, and reach on the borders of the {Ihenish Schiefergebirge 
from the Trier (Treves) region to Luxemburg, and on the western 
slopes of the Vosges into France. Further west, red Triassic 
sandstone is known also in the neighbourhood of the French Cen- 
tral Plateau. Finally, the coal-bearing Keuper f^andstone of the 
South of Sweden is an outlier of the German Trias. 

As to the literature of the German Trias the original work of 
V. Alberti has already been mentioned. Since the appearance of 
this a large number of geologists have occupied themselves with 
the study of this formation. Among the older we may mention : 
Quenstedt,^ E. E. Schmid, v. Strombeck, Giebel, and Bomemann ; 
among the later, v. Seebach, Eck, Nies, Sandberger, E. Weiss,^ 
Schalch, Benecke, Notling, Blankenhorn. The researches of 
Gambel® in Bavaria, an^'of F. R6mer * in Upper Silesia, and still 
more, the recent researches of the Geological Survey in Prussia ^ 
and Alsace Lorraine,^ are of the greatest importance. Thanks to 
these, our knowledge of the constitution of the Triassic deposits in 
the most different regions. of Germany is more complete than that 
of any other System^ 

1. The Bunter Sandstone. 

As the name suggests, this group of beds consists mainly of 
variegated, chiefly red, sandstones, sbaly sandstones and shales 
coloured by oxide of iron, with which there are locally conglome- 
rates and variegated, calcareous clays, containing gypsum and rock- 
salt, the latter of which however are limited to the upper division 
of the series. In these latter beds there occur several bivalve- 
bearing beds of limestone or dolomite, which are completely want- 
ing elsewhere in the Bunter Sandstone. 

* "Das FKJtzgebirge WUrttembergs " (1843). 

' ** Gliederung der Trias im Saarbrtickenscben. Neues Jahrb." (1869), p- 
215, and ZeUt d. deuUch. geol. Gea, (1869), p. 837. 

^ ** Die geogn. Verbal tn. des frftnkischen Triasgebietes." Bivaria IV. 11 
(1865). " Geogn. Beschreib. d. Fichtelgebirges" (1879). 

* " Geol. von. Oberschlesien " (1870). 

^ See the explanations to the sheets referring to Thuringia, the environs. 
of the Harz, the Saar area, etc., and numerous papers on the Trias in the 
" Jahrb. der preuss. geol. Landesanstalt." 

® '* Erl&nt. z. geol. Uebersichtskarte von Deutsche-Lothringen ; Erl&at v!, 
Uebersichtskarte der s(idL Half te des Grossherzogth. Luxemburg.^^ Heraus* 
geg. von der geol. Landesuntersuchung von Elsass-Lothringen (1887). 
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In Northern and Central Germany, in the Harz, Thnringia, 
Hesse, etc., the Banter Sandstone everywhere succeeds the Zech- 
stein quite conformably. The connection between the uppermost 
Zechstein clays and the lowest clayey beds of the Banter Sand- 
stone is indeed generally so intimate that the separation of the 
two is very difficult, and is to a certain extent arbitrary. It is 
different in S.W. and W. Germany, where in the Eifel, the Black 
Forest and the Odenwald, and in the Vosges, the coming in of the 
Banter Sandstone was often accompanied by a clear overlap, in 
consequence of which it rests locally (as in the Odenwald and 
Black Forest) directly on crystalline schists. Since this trans- 
gression lasted beyond the Bunter Sandstone period, the lower or 
even the lower and the middle Bunter Sandstone are often absent 
in these areas. 

The Bunter Sandstone throughont Germany is divided, mainly 
on petrographical grounds, into three groups, namely, in adsending 
order: 1. the Lower Bunter Sandstone, 2. the Middle Or 
Main Bunter Sandstone, and 3. the Upper Bunter Sand- 
Btone or Both. 

The Lower Bunter Sandstone consists of a series, a few 
hundred feet thick, of red, greenish, yellowish, whitish, or speckled, 
fine-grained, micaceous, clayey sandstones and shale. Firm sand- 
stones, valuable as building material, occur in this division, in 
Central Germany quite subordinately, in Soathem Germany of con- 
siderable thickness. The rounded or angular inclusions of dark 
red clay, the so-called **^clay galls,*' which are everywhere found 
in the sandstones of this series, are very characteristic. Other 
extremely characteristic formations are the Bogensteins, which 
are peculiar oolitic, more or less dolomitic calcareous sandstones, 
whidh occur sometimes in solitary banks, sometimes (as near Bern- 
berg, Artem, Sangerhausen) in thick layers. These are almost 
limited to the region north, east, and south-east of the Harz, and 
are found elsewhere only at Rudersdorf near Berlin. They were 
the chief occasion of the separation of the Lower and Middle 
Bunter Sandstone, first adopted in 1860-70 by Bejrrich, Eck and 
others. Bipple marks, sun cracks, and impressions of rain drops 
are abundant in this division of the Bunter ; conglomerates on the 
other hand are practically absent. In Eastern Hesse, especially 
in the so-called Riechelsdorf Gebirge and in the Spessart, the lowest 
zone, resting directly on the Zechstein, consists of dark red 
crumbly clays, the so-called Brockelschiefer. 
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Fossils are everywhere very rare in the Lower Bunter. In the 
neighbourhood of Halle and elsewhere, there are certain beds filled 
with impressions of the small Fhyllopod Estheria mintUa (the so- 
called Estheria beds of the npper part of the Lower Bunter) ; in 
Hesse, at the upper limit of the series, the small, generally badly 
preserved Gervillia Murchisoni^ which rises also to the Middle 
Banter, is locally not uncqmmon. In Upper Silesia Eck found 
LingiUa termisaima and Peeten sp. 

The Middle or Main Banter Sandstone is a series, some- 
times 1,CXX) feet thick, of more or less coarsely granular quartzose 
sandstbne, with little or no cement. Conglomerates may occur at 
any horizon, but usually they are quite subordinate. Shales and 
ishaly sandstones are not wanting between the massive sandstone 
beds, but on the whole they are very much reduced compared with 




Fia. 20.— False-bedding in the Middle Bunter Sandntose nour Marbarg. 

these. In this division of the Banter discordant or cross beading 
<Fig. 29) is particularly abundant throughout Germany, and ripple 
marks are not uncommon. In Thuringia, Hesse and Franconia, 
the Spessart and the Odenwald (especially at Hildburghausen, 
Jena, Karlshafen on the Weser, Kissingen, etc.) the upper sand- 
stones, which are mostly pale and fine grained, contain the 
footprints of Amphibians, especially Stegocephala, known as Cheiro- 
iherium. Li the Vosges the Main Banter Sandstone is represented 
by the thick, pale red sandstones, conglomeratic at the top, which 
have long been known as Vosges Sandstone. 

Except these tracks the Middle Bunter Sandstone contains hardly 
xiny fossils save Labyinthodonts. At Bernburg it includes numer- 
•ovLS remains of them, especially a well-preserved skull of Tremato- 
^aurus Brauni, Burm. 

Lastly, the Upper Bunter Sandstone or Both consists 
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mainly of variegated clays or marls, which, especially in Thuringia^ 
contain numerous masses of gypsum, and in the north of the Harz. 
(at Juliushall [Harzburg], Salzgitter, Schoningen, etc.) beds of salt. 
Wheref these beds of salt are not known, salt pseudomorphs are 
usually not uncommon on the surfaces of the beds. In Hesse 
and Thuringia the lower part of the Roth commonly contains- 
thia intermediate beds of pale coloured quartzite sandstone ; the 
upper part, on the other hand, in Thuringia includes dolomite 
limestone beds, the so-c&Ued Rhizocorallium Dolomite, which 
is of interest on account of the fact that it contains the only Bunter 
fauna of any importance. Besides the snake-like coiled rolls of the 
RhizocorcUlium jenense, now supposed to be a horny sponge,. 
Myophoria costata (XXXIII. 3), the most characteristic fossil 
throughout Germany, is found here ; and also My. vtdgaHs, Ger- 
viUia aocicUiSj Linyula tenuissima^ Myacites mactroidea. Myo- 
concha Thielauiy Pecten discites, and other Muschelkalk species. 
Of especial interest, but only locally abundant (as near Jena), is an 
Ammonite, Amin. (Beneckeia) tenuis ^ the predecessor of B: Buchi 
of the Lower Muschelkalk. 

In Lorraine, the Saar area and the Eifel, the Both is chiefly 
composed of fine grained, micaceous clayey sandstones, with 
numerous plant remains, the so-called Voltzia Sandstone (Fig. 
30). The most widely spread plant is the Abietid Voltzia hetero- 
phyUa (XXXIII. 1), and there also occur Equisetum Mougeotiy 
species of AnamopteriSj and Caitlopteris, etc.^ In Lorraine, as- 
also in the Haardt, the Vosges, the Black Forest, and the Oden- 
wald, the lowest zone of the Roth, usually only a few meters thick^. 
is characterized by nodules and strings of dolomite and carnelian 
(Carneol), the so-called Carneol bank. 

On the south border of the Ardennes, and near Malm6dy, thick 
coarse conglomerates form one of the remaining facies of the 
R5th.. 

The occurrence of galena in grains and small nodules in the 
Bunter of Mechernich and Commern in the North Eifel and in 
more restricted masses near St. Avoid in Lorraine, should be men- 
tioned as very interesting. At the first-named place this remark- 
able .occurrence (the so-called Knottenerz) has called into existence 
the most important lead mines in Germany, which were worked 
even by the Romans. 

^ Schimper and Mougeot, " Monogr. des plantes foss. da gr^ bigarr6 de^ 
Vosges " (1844)* 
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2. The Muschelkalk. 

Unlike the Banter Sandstone and the Keuper, the Muschelkalk 
is in the main a calcareous series. Some 1,000 feet in thickness, 
it consists in its lower and upper parts of thin-bedded, pale grey 
limestones, with interbedded greenish grey marls ; in the middle, 
on the other hand, of gypsum and salt-bearing marls and dolomites. 
Only at the extreme western border, in a zone reaching from the 
Cologne curve of the Rhine into the Empire, the lower part of the 
Muschelkalk is represented by sandy rocks, the Muschelsand- 
stein. The fossils of the Muschelkalk are not by any means 
evenly distributed through the series, but are usually found in 
certain beds, in which they often occur in such abundance, though 
generally with only a few species, that the name Muschelkalk 
appears quite appropriate. 

In its extent the Muschelkalk is indeed inferior to the Bunter | 
but it occupies considerable ai^as in Thuringia, Franconia, Swabia, 
and Lorraine, and plays a not inconsiderable part in the north and 
north-west of the Harz and in Silesia, Its most northerly occur- 
rence is in Heligoland. From Lorraine it stretches to the west and 
.south of the Vosges into the Department of Jura. In the Morvan 
also, in the north-east of the French Central Plateau, it may still 
be recognised in the form of a few thick grey limestones and dolo- 
mites intercalated between the Voltzia Sandstone and the Keuper. 
Further west it is, at least in its calcareous form, as little known 
as in England. On the other hand true Muschelkalk occurs in the 
neighbourhood of Toulon and Montpellier. 

Throughout Germany the Muschelkalk falls into three divisions, 
namely: (1) the Lower Muschelkalk or Wellenkalk; (2) the 
Middle Muschelkalk or Anhydrite group of v. Alberti ; (3) 
the Upper Muschelkalk (Main Muschelkalk of Quenstedt, 
Friedrichshall Limestone of v. Alberti). In general the constitu- 
tion and the organic contents remain strikingly similar every- 
where. 

The Lower Muschelkalk or Wellenkalk consists of thin 
and wavy-bedded, somewhat marly limestones, with folded or 
wrinkled upper surfaces. In the lowest layers there are numer- 
ous yellow dolomi tic beds, the so-called Wellendolomite. These 
are followed by the Lower or Main Wellenkalk, with beds 
full of Natica {Turbo) gregaria and Dentalium torquatum. The 
Upper Wellenkalk is distinguished by intercalations o£ 
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Schaumkalk, a yellowish grey, porous limestone. This rock, 
which yields stone as easily worked as it is dnrablej and therefore 
very valuable, occurs partly in single strong beds, partly in thick 
series. In Thuringia two chief Schaumkalk zones may be distin- 
guished, which are separated by 60-80 feet of Wellenkalk. Tho 
lower of these zones corresponds with that which E. Schmid in 
South Thuringia has called the Terebratula Limestone (from the 
numerous shells of T. vulgaris [XXXIV. 7] contained in it). The 
Lower Muschelkalk ends with the so-called OrbictUaris-Platten 
covered with thousands of examples of Myophoria orbicularis. 

The Lower Muschelkalk of Alsace-Lorraine, the Saar and 
Moselle areas and the North Eifel is, as E. Weiss first showed 
for the Saar area, not so commonly made of Wellenkalk, but of 
grey dolomitic marly sandstones, and it is only the beds with 
Myoph. orbicularis that consist of limestone. The sandstones 
are often red in colour, and were formerly referred to the B5th, 
till Weiss, by the discovery of tjhe usual Muschelkalk fossils, 
proved that they form only an abnormal sandy f acies of the Lower 
Muschelkalk, the so-called Muschelsandstein (Fig. 30). In 
the neighbourhood of Baireuth also, according to Gtimbel, a similar 
sandy formation of the Lower Wellenkalk is found. 

PalsBontologically the Lower Wellenkalk is characterized not 
only by EhizocoraUium jenense, Terebratula vulgaris^ Lima 
lineata, MyopJioria cardissoides, Chemnitzia scalata (XXXIV. 8), 
etc., but also by a few rare Ammonites (-4. Strombeckij Bucki, 
Ottonis, Damcsi), The Upper Wellenkalk, with its Schaumkalk, 
one of the richest horizons of the whole Muschelkalk, contains 
Myophoria vulgaris (XXXIV. 5), M, cardtssoides, and M. elegans, 
Gervillia costata, Monotis Alberti, Pecten discites (XXXIV. 3), 
P. IcBmgatus, Nv^cuda Goldfussij Spiri/erina fragilis, 8. hirsvia^ 
Athyris trigoneUa, Terebratula vulgaris (XXXIV. 7), T, Ecki, T. 
angusta, Ammonites (Beneckeia), Buchi^ etc., and a few other im- 
portant Ammonitidse, more or less rare, such as Ptychites dux and 
Ceratites anteccdens and C trinodosus} 

The Middle Muschelkalk consists mainly of dolomites, which 
sometimes bear limestone nodules, sometimes are cellular or cavern- 
ous (Ze lien dolomite), and of yellowish grey, smooth-bedded, 
dolomite marls and limestones, with anhydrite, gypsum, and rock- 
salt masses. Beds of salt are found at some points in Thuringia 

' The last, an important species of, the Alpine Muschelkalk, has lately 
been found at Btldersdorf . 
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(Erfurt, Gfotha, Stottemheim, etc.), and iu South Germany (Rap- 
penaa near Wimpfen in Baden, where the first South German 
rocksalt was bored, Friedrichshall in Wurtemberg, Stetten in 
Hohenzollem, Schweizefhall in Switzerland). In the region of 
Ettelbrtick in Luxemburg, the Middle Muschelkalk, like the 
Wellenkalk throughout the left bank of the Rhine, is replaced by 
sandy beds. Fossils are very rare in this division of the Muschel- 
kalk. 

The Upper Muschelkalk everywhere consists of two main 
divisions: at the base the so-called Trochitenkalk, a very 
hard limestone consisting almost wholly of stems of Encriniis 
lUiiformis (XXXV. 2), and often accompanied by glauconitio 
limestones; and above, the so-called Nodosus beds, thin bedded 
limestones alternating with grey clays and shales, which every- 
where contain Ceratites nodostis as the most characteristic fossil. 
In South-west Grermany there is added to these an upper, not very 
thick, series of dolomite and platy limestone with Trigonodus 
Sandbergeri — the so-called Trigonodus beds. 

This is the richest in fossils of all the three subdivisions of the 
Muschelkalk. Encrinus liliifarmiSy Lima /Striata (KXXIV , 2), 
GerviUia «ociaZw (XXXIV. 1), Terebrattda vvlgaris (XXXIV. 7), T, 
cydaidesj Pecten discites (XXXIV. 3), Myophoria vtdgaris (XXXIV. 
5), often fill whole beds. Especially characteristic, because known 
only in the Nodosus beds, are Ceratites nodosus (XXXV. 1), with 
broad back and strong, simple ribs ending at the angle of the back 
with a knob-like swelling, and the larger, sharp-backed C. semi- 
partitus and the smaller C. enodis. The large Nautilus bidorsatus 
(XXXIV. 9) has its greatest development in the Upper Muschelkalk. 

The Muschelkalk in Upper Silesia and the neighbouring part of 
Poland is somewhat abnormal owing to the dolomitic character 
of the whole Upper and Middle and the upper half of the Lower 
Muschelkalk. The beds corresponding to the latter (the Schaum- 
kalk-bearing division of other regions) are important not only 
from their richness in ores (brown haematite, galena and calamine)^ 
but also on account of the occurrence of Gyroporellas, and other 
interesting fossils common to the Alpine Muschelkalk, especially 
Athyris tngoneUa, Spiriferina Mentzeli, TerebratuZa angustay 
and Rhynclionella decurtata (cf. PI. XXXVIII.), species which 
are not unknown elsewhere, especially in Pranconia. 

The remarkable Styloliths, though not uncommon in other lime- 
stones, are especially abundant in the Muschelkalk. 
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The inflaence of the Maschelkalk oa the physical features is 
very marked. The large horizontally bedded areas form monoton- 
ous dry plateaux with deeply cat narrow valleys, while the smaller 
masses, on the other hand, form bastion-like hills, with precipitous 
sides. Where such masses consist of the whole Maschelkalk, the 
hard Upper division forms a second terrace above the lower Wellen- 
kalk terrace. Lastly, where, as in Fig. 31, the Maschelkalk beds 
are strongly inclined, the varying hardness and resistance to 
weather of the di£ferent strata is well shown. The relatively firm 
Wellenkalks (especially the Schaumkalk zone), and the Trochites 
Limestone of the Upper Maschelkalk sometimes form only slight 
projections and sometimes higher ridge-shaped elevations, whilst 
the easily worn rocks of the Middle Maschelkalk, like those of the 
R5th, allow of the formation of trough-like depressions often coin- 
ciding with river valleys. 

3. The Keuper. 

The uppermost group of the Trias, the Keuper (mames Irishes 
of the French), consists of variegated, chiefly red-coloured, clays 
(which in the middle of the series contain great beds of gypsum 
and less frequently rocksalt), of pale-coloured sandstones, and of 
impure, generally not very thick, limestones and dolomites, to 
which are added in the lower division small impure seams of coal. 
The boundary line between this series and the Muschelkalk is 
usually not very sharp ; that between it and the Lias, on the other 
hand, is very clear. As the character of the ropk, and still more 
clearly the scanty and monotonous fauna, in which deep-sea 
Cephalopoda are practically absent,^ show, the Keuper in general, 
like the Bunter, is a shallow water deposit. The main area of the 
German Keuper lies in Franconia and Swabia ; but it also occupies 
a considerable extent in Alsace-Lorraine and Luxemburg. Next to 
these the middle of the Thuringian basiti, the hollow between the 
Teutoburger Wald and the Wesergebirge, and Upper Silesia, are 
the most important areas. On the whole the limits of the distri- 
bution of the German Keuper coincide with those of the German 
Empire. Beyond this it is only in the southernmost parts of 

* The discovery by Zimmerman (Zeits, d, deutsch. ged, Oes.y 1888) of 
Ceratites Schmidi in the Grenzdolomite of Thuringia is an isolated case. 
The same observer has also made known from the same horizon ('^ Jahrb. d. 
preuss. geol. Landesanst.,*' 1889) a new NautUus^ N.jugeUonodonii^ different 
from X. hidoraaius. 
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Sweden that we get an area of any size of Upper Keuper, and 
this is only an extreme outlier of the German facies. 

On account of their softness the Keuper rocks everywhere form 
an undulating country ; and it is only the rather harder sandstones 
that stand out as ridges or terraces. 

Like the Bunter Sandstone and Muschelkalk, the Keuper also 
is divided into three groups, which are everywhere recognisable 
with great certainty, in spite of numerous local variations, namely, 
the Lower or Kohlenkeuper, the Middle, Main or Gyps 
Keuper, and the Upper Keuper, or RhSlt. 

The Lower or Kohlenkeuper, also called the Lettenkohl 
group, consists of grey clays and shales, whitish, yellowish, 
brownish, or greenish grey sandstones and dolomitic limestones. 
In Thuringia and South-west Germany, weak, scarcely ever 
workable, seams of an impure shaly coal are found, and these have 
given to the group in question the name Lettenkohl e. At the 
upper limit there lies a variously formed yellowish dolomitic lime- 
stone, sometimes dense, sometimes porous, sometimes also oolitic, 
the Grenzdolomite, which is found throughout Germany. It 
contains among other fossils the important type-form Myophoria 
Ooldfussi (XXXVI. 4), like M. costata of the R6th. Of the other 
fossils of the Kohlenkeuper Esther ia minuta (XXX VII. 4) and 
Lingula tenuissima should be specially mentioned. The former, 
together with other small ostracods belonging to the genus Bairdia^ 
is often present in the shales in great abundance {Estheria or 
Bairdia beds). Of Molluscs, besides Myophoria Goldfussij there 
are usually only M, transversa^ Anoplophora lettica^ A donacina^ 
and GerviUiaj usually not in very good preservation. Small fish 
teeth and scales (Acrodus, Hyhodus) are more abundant in Thur- 
ingia and Swabia, and so are the larger very characteristic teeth 
of the Dipnoan genus Ceratodus (XXXVI. 3), and -remains of 
Labyrinthodonts and Saurians (Mastodonsaums [XXXVI. 1], 
Nothosauras). Plant remains too are widely spread, but are 
generally badly preserved. Quenstedt considers the Kohlenkeuper 
as the uppermost division of the Muschelkalk. 

The Middle or Main Keuper, the thickest division of the 
whole Keuper, consists in North Germany of bright red and 
green crumbly shales, which in their lower half, the Gypskeuper 
in its narrower sense, contain beds of gypsum, whilst the upper 
half, known as the Steinmergel (Stone marl), is free from 
gypsum. Salt pseudomorphs are very widely distributed in the 

c. G. P 
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gypsum-bearing group ; rocksalt beds, on the other hand, are well 
known at this horizon in Lorraine (especially near Dienze) but not 
in North Germany. In South Germany also the Middle Keuper 
begins with variegated gypsum-bearing shales. These are suc- 
ceeded by sandstones with the plant-bearing Schilfsandstein 
(with Equisetum arenaceum [XXXVII. 2], Pterophyllum Jaegeri 
[XXXVil. 1]) at the base. Higher up, above a new zone of gypsum- 
bearing shales (the Lehrberg or Berggyps beds) we get in Swabia 
the white Stuben Sandstone, which near Stuttgart has yielded 
the famous group of A^iosaurus ferratuSy Belodon Kapffi^ and 
other saurian remains which adorn the Stuttgart museum ; and in 
Franconia, the Semionotus Sandstone, with the ganoid S, Bergeri. 
Lastly, in Lorraine a considerable zone of variegated gypsum- 
bearing marl lies on the Schilfsandstein. 

Fossils are rare in the Middle Keuper, if we except the plants 
and saurians of the South German sandstones already mentioned. 
So much the more interesting therefore is the occurrence of 
a number of bivalves, which are found also in the Raibl beds 
of the Alps (especially Corbula Rosthomi and Myophoria 
Kefergteini {XL. 8]) in a galena-bearing limestone (Corbula bank) 
in the lower part of the gypsum-bearing shales of Thuringia, 
Franconia, etc. 

The Upper Keuper or the Rhaetic (Giimbel) is composed 
mainly of pale thick sandstones and grey shales. The latter, 
especially near Baireuth, Culmbach, Bamberg, etc., contain 
beautifully preserved plant remains (Clycads, Ferns, Equiseta). 
The sandstones of this series, on the other hand, bear on the 
surfaces of the beds many examples of Avicula contorta 
(XXXVI. 5), Protocardium rhoBticuniy Modiola minutay Tcfmio- 
don Eicaldi, T, prwcursoVy Anodonta (?) postera^ Gervillia pra*- 
cursor^ etc.* 

This Rh 86 tic or Contorta Fauna is indeed not rich; but it is 
of great importance, because it extends not only throughout Ger- 
many, England and Central France, but also through the Alps, 
and thus fixes a definite horizon of comparison between the Alpine 
and extra-Alpine Keuper.' The thick coal-bearing sandstones and 

^ The paper of SchlOnbach in the ^* Neues Jahrb." (1862), p. 146, is especi- 
ally important for a knowledge of this fauna in the area of Hanover and 
Brunswick. 

• Oppel and Siiss. " Ueber die muthmasslichen Aequivalente der K(yssener 
Schichten in Schwaben. Sitzungsber. d. Wien. Akad.^^ (1856). 



A, — TRUSSIC SYSTEM. 





Ptin XXXn—Keu 

I. Sknil a( Mailadmiaiirv jittnttut, jMg. i. : 
VutadmAniriu. S. Ctralodiu Kaupi, Agua., tooCl 
ths llTine Ctratodui ftrtlrri. «. Jfvi^heria Sold/u 




vena lectioD ol a tooUi of 
irerj«w. S. Lower j«wor 
. (. Jtie«laco»(orlii,Ponl. 



212 III. — MESOZOIC c 



; SECONDARY GROUP. 



ri XXXTII.—Powi 






nmola, Pml. 4. EM 



up«r (l-l)uidortlMK&nM8i 

Brongn. !. SfiiiHtam arinatcum, Biongi 
miiiiita, *. Alb. (. OiuJinnlm fiainf, Ok 



A. — TRIASSIC SYSTEM. 213 

shales of Scania also belong to the Rhsetic. The series is remark- 
able for the so-called Bone beds, only a few inches thick, which 
are made up almost entirely of the teeth and bones of fishes and 
reptiles. Near Stuttgart small teeth of Microlestes antlquuSj the 
oldest known mammal, have also been found in it. 

Some geologists, having regard to the close relationship between 
the Rhaetic and Jurassic Floras, unite the Rhsetic formation with 
the Lias ; or — as is often done in France — separate it as a special 
group, the Infralias. This classification, however, is not supported 
by the Molluscan fauna of the beds in question, and has therefore 
not found general acceptance. 

British Isles. — The Triassic rocks here closely resemble those 
of Germany except in the absence of the Muschelkalk. In face 
of the fact that there is no proof of unconformity between the so- 
called Bunter and Keuper, it is a question whether the Muschel- 
kalk is not represented (as in Lorraine) by beds resembling the 
Bunter Sandstone. Since this question, on account of the com- 
plete absence of characteristic fossils, must remain open, the 
Triassic rocks of Britain are universally divided into the two 
series, the Bunter and the Keupar. 

In England they are found in Devon, Somerset and South Wales, 
but the principal area is that of the Midlands, from which two 
great arms pass northwards, one on the west of the Pennine 
Palaeozoic rocks into Cheshire and Lancashire, and the other on 
the east into Nottinghamshire and Yorkshire. Other small 
patches are found near Carlisle, the Hebrides, the north-east coast 
of Scotland, and the north-east of Ireland. 

The general grouping of the beds in England is as follows : — 

rWhite Lias, 1-25'. 
Rhaetic. \ Black Shales, 8-dO . 
iGrey Marl, lO-Ba. 

(Upper Keuper. Bed and variegated marls and sandstones, 
80(y-8000'. 
Lower Keuper or Basement Beds. Sandstones, marls, 
grits and breccias, 150'-2o0'. 



Bunter. 



'Upper Mottled Sandstones. Soft red and variegated sand 
and sandstone. 

Pebble Beds. Harder brownish-red sandstones with 
quartzite pebbles, conglomerate. 

Lower Mottled Sandstone. Soft red and variegated sand- 
stone, with breccias. 
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The German Trias 



Upper Keaper or 
Bheetic. 



Thiuingia, Haxz. 



Middle (Gyps.) 
Keuper. 



Lower Keuper 

(Kohlenkeuper, 

Lettenkohl group.) 



Bark Slates and pale 
Quartz Sandstones. 



Hesse, Franconia. 



The same. 



Marl without gyp- 
sum (Steinmergel). 
Variegated gypsife- 
rous Marl. 



Sandstone. Marl 

without Gypsum. 

Variegated gypsiferous 

Marl. 



Upper Muschelkalk. 



Middle Muschelkalk 
(Anhydrite group). 



Grenzdolomit. 
Dark Clays, Sand- 
stones and impure 
Limestones. 



Nodosus beds. 
Trochites limestone. 



Dolomitic Marl with 

salt and gypsum, 

Zellendolomit. 



Lower Muschelkalk 
(Wellenkalk). 



Upper Bunter 
Sandstone (Both). 



Middle (Haupt) 
Bunter Sandstone. 



Lower Bunter 
Sandstone. 



Orbicularis beds. 

Wellenkalk with 

beds of Schaumkalk. 

Wellenkalk without 

these. 



Yellow gypsiferous 
^Marl. 



Cheirotherium 

Sandstone. 

Coarse-grained 

Quartz Sandstone. 



Fine-grained clayey 

Sandstone with 

Bogenstein. 



Grenzdolomit. 
The same. 



Trigonodus beds. 

Nodosus beds. 

Trochites Limestone. 



The same. 



The same. 



The same. 



The same. 



Fine-grained clayey 
Sandstone. 
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IN Various Areas. 



Svrabia. 



Lorraiue» Saar Area. 



Clays and Sandstones 

yviiihAvicula cantorta^ etc. 

Bone bed with Micro- 

le$tea, etc. 



Stnbe Sandstone. 

Schilf sandste in. 

Gypsiferous Shales. 



Sandstones and Clays 
with Avicula coniarta. 



Upper variegated Marl. 

Schilfsandstein. 

Variegated gypsiferous 

Marl. 



Grenzdolomit. 
Dark Shales, Sandstones 
and impnre Limestones. 



Grenzdolomit. 

Variegated Marl, 

dark Clays, etc 



The same. 



The same. 



Orbicularis beds. 
Wellenkalk. 



Bed Shales and clayey 
Sandstone, with Dolo- 
mite nodules below, and 
Karneol bank at base. 



Coarse and fine-grained 
light red Sandstone. 



White fine-grained, 
clayey Sandstone. 



The same. 



The same. 



Orbicularis beds. 
MuBchelsandstein. 



Voltzia Sandstone. 



Vosges Sandstone. 



Absent. 



Bngland. 



Zone of 

Avicula contorta. 

Bone bed. 



Variegated Marl 

with beds of Salt 

and Gypsum. 



Absent (?}. 



Bed Sandstones, Shales 
and Conglomerates. 
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It is possible that in places the system may rest conformably 
upon the uppermost beds of the Permian, but it overlaps on to, 
and rests uncomformably upon, the older beds of that and the 
underlying systems. 

The Bunter beds are of nearly the same character throughout 
the great central area, and offer little of general interest. Foot- 
prints and other remains have been recorded ; but in some cases, 
at least, the supposed Bunter beds in which these are found 
should be referred to the Keuper. The series is apparently absent 
in S. Wales and the Mendip Hills, and, according to Mr. Ussher, 
is represented in Devonshire by the '* Lower Sandstones and 
Breccias." 

The Keuper often begins with breccias and conglomerates, 
which seem to point to a certain amount of denudation after the 
deposition of the Bunter. It contains footprints of Labyrintho- 
donts (CheirotJwrium), and remains of reptiles {Hypei^odapedon^ 
etc.), fishes {Palceoniscus^ HyboduSj Acrodvs)^ EstJieria minuta, 
etc. In the Mendips it is represented by dolomitic conglomerate 
and limestone, sandstone and marls. 

The Bhsetic beds are found above the Keuper from Yorkshire 
to Devonshire, wherever the contact with the Lias is exposed. 
The Grey marls have yielded the mammalian Microlestes Rlueticus 
and a few fish scales. The Black shales are, however, the most 
characteristic part of the series, and they include the '^ Bone 
bed" which, like the similar deposits in G-ermany, is full of 
remains of fish (Ceratodus, Acrodus, etc.). The characteristic 
Bhsetic fossils, Avicula contorta^ Protocardium Rhceticum and 
Pecten VcUoniensis, are also common in these shales. The White 
Lias is best developed in Devon and Somerset, and consists chiefly 
of pale limestones and marls with Protocardium Rhcpiicum^ Lima 
prcBCursor, Myophoria postera, and other Rhsetic forms. 

In Devonshire alone contemporaneous lava flows occur in the 
Trias. They are chiefly mica-traps, and are found in the Lower 
Sandstone group (Bunter). 

France. — The Triassic rocks which surround the Central 
Plateau of France, also consist mainly of red, often gypsum-bear- 
ing sandstone and conglomerate, which are very like the equiva- 
lent rocks of the Anglo-German Trias. Except at a few points 
in the Morvan the Muschelkalk is absent here also, while the 
Bhsetic beds are generally easily recognised at the base of the 
Lias. 
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North America. — In the eastern and central part of North 
America, on the eastern slope of the AUeghanies, and in the 
Rocky Mountains, in contrast with California where beds are 
developed of the Alpine type, Triassic deposits occur which are 
comparable with those of England and Germany, and are called 
in America also, the New Red Sandstone. They consist of red 
sandstones, shaly sandstones and shales, sometimes accompanied 
by conglomerates, and here and there including impure limestone 
beds. On the surface of the sandstones, etc., we find ripple marks, 
raindrop impressions, and footprints. Near Richmond these beds 
contain valuable seams of coal and sphaBrosiderite. Still more 
abundant than these are layers and sheets of dioritic and mela- 
phyre-like rocks, to which belong the famous Palisades of the 
Hudson River near New York, a thick bed of diorite split up into 
columns 130 meters high. Organic remains are generally rare. 
Among the plants are Voltzia heterophyUa^ Equisetum columnare^ 
and other forms also found in the German Trias. A rich Keuper 
flora, closely related to that of Lenz in the Austrian Alps has 
recently become known in Virginia. The beds in the Connecticut 
Valley and of New Jersey contain not only plant remains, but 
also a tolerably rich fauna of Ganoid fishes. Along with these are 
remains of reptiles. Lastly, in North Carolina remains of a 
Marsupial {Dromatherium) have been found. In other parts of 
North America the Trias is of the Alpine type {q.v,\ and differs 
greatly from that just described. 

In South America, according to Stelzner, Triassic beds of 
New Red Sandstone type occur in the Argentine Republic ; and 
the thick Karoo Sandstone which is so widely spread in South 
Africa, and appears to be in great part of Triassic age, bears a 
similar character. These sandstones are the chief homes of the 
very remarkable reptiles described by Owen, and known as Auo- 
modontia and Theromorpha. 

The Alpine Trias. 

On both sides of the central zone of the Alps there is a broad 
zone made up chiefly of thick masses of limestone. L. v. Buch 
and Humboldt, in their earlier journeys, considered these lime- 
stone masses, the Kalkalpe, as equivalent with the Zechstein ; but 
thanks to the numerous researches carried out since that time, we 
now know that they represent very various formations which, how- 
ever, are all of younger age than that originally ascribed to them. 
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The first Triassic fossils were discovered near Becoaro in the 
Vicentine, and near St. Caspian in the S. Tyrolese Alps. Near 
Recoaro, where Banter Sandstone and Muschelkalk are present in 
a form remarkably like that of Germany, v. Buch had already 
recognised that the fossils in question belonged to the Muschel- 
kalk. The fauna of St. Cassian, on the other hand, on account of 
its peculiar constitution, very different from any yet known, could 
not for a long time be correctly interpreted. Along with Ortho- 
ceratites, Murchisonias, Spiriferas, and many other fossils of 
Palseozoic character, there were found Cephalopoda with Ceratite- 
like and even Ammonite-like sutures, such as were then known 
only from the Jurassic and Cretaceous ; so that even an authority 
like Bronn supposed the fauna to be derived. Under these 
circumstances the discovery of an Ammonite fauna in the 
Hallstatt Limestone of the Northern Alps was of great import- 
ance. This fauna agreed in part specifically with that of St. 
Cassian, and thus the equivalence in age of these Northern and 
Southern Alpine deposits was recognised. Both faunas are now 
referred to the lower horizons of the Keuper ; and it was not till 
much later that true Muschelkalk fossils were found in the Nor- 
thern Alps (at Reutte not far from the Tyrol-Bavarian frontier). 
A far more important advance was made when Oppel and Sties, 
in 1866, proved beyond doubt the equivalence of the uppermost 
-Xeuper beds of Swabia and the Kossen beds so widely spread 
on both sides of the Alps, and thus fixed an important horizon for 
the comparison of the Alpine and German Trias.^ From that time 
V. Hauer, Escher von der Linth, v. Richthofen, Giimbel and others 
have devoted themselves to the examination of the Alpine Trias ; 
and our knowledge has consequently made such rapid progress, 
that as early as 1858, v. Hauer was able to complete the classifi- 
cation of the Lombardy Trias, and also to correlate individual 
beds with those of the Southern Tyrol and Carinthia.^ 

In spite, however, of the restless zeal with which the study of 
the Alpine Trias has been prosecuted in the last thirty years, it 
«till oflfers many unsolved problems. These depend in part ' on 
the often very much disturbed lie, but especially on the very 
numerous and often very sudden changes of character of the 
Triassic beds of the Alps. One and the same division of the 

» " Sitzungsber. d. Wien. Akad.," 1856. 

' Erl&uter. zu einer geol. Ueberflichtskarte der Lombardei. " Jahrb. d. 
geol. Beichsanst.," ix. p. 445. 
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formation may in a short distance be developed as a fossil-bearing 
shale or marl, as an eruptive tuff, as a bedded Gephalopod lime- 
stone, or lastly, as thick almost unbedded limestone and dolomite. 
V. Mojsisovics has the merit of being the first to remark strongly 
on the important part which this change of facies plays in the 
Alpine Trias.* Many things which were formerly very difficult to 
understand are thus satisfactorily explained. On the other h&nd, 
the correlation of the Alpine with the extra-Alpine Trias is even 
yet very uncertain. As Mojsisovics has rightly remarked, in the 
Alps we know with certainty the equivalents of only three hori- 
zons of the German Trias, namely, the R5th, the Lower Muschel- 
kalk and the Bhsetic beds (Oontorta zone) ; whilst we are still in 
darkness, for example as to where the representative of the 
Muschelkalk ends in the Alps and that of the Keuper begins. 
Formerly the Alpine Keuper was tolerably generally supposed to 
begin with the (S. Tyrol) Buchenstein Limestone, or at least with 
the succeeding Wengen beds; but lately the attempt has been 
made, apparently on good grounds, to place the lower limit of the 
Keuper much higher, so as to include a part at least, if not the whole, 
of the Norian series of Mojsisovics in the Muschelkalk.^ In the 
face of these uncertainties no definite correlation of the Alpine 
and German Trias will here be attempted, but the division of 
the former proposed by Mojsisovics, into five series, namely, the 
Alpine Bunter Sandstone, the Muschelkalk, the Norian, 
Oarinthian and Rhsetic series, will be followed; and it must 
remain undecided how far the first two series coincide with the 
similarly named German groups. 

It is remarkable that the Trias is much better developed in the 
Eastern Alps (east of the Rhine Valley) than in the Western Alps 
where on the other hand the Jurassic and Cretaceous rocks play 
an important part Hence it is the Austrian and Grerman geolo- 
gists who have contributed most to our knowledge of the Alpine 
Trias. For the Triassic deposits of the Bavarian Alps,^ Qdmbers 

* " Ueber d. Gliederung d. ober. Triasbild. i. d. fistl. Alpen. Jahrb. d. 
geol. Beichsanst.," 1869. *^ Faonen u. Faciesgeb. d. Triasper. i. d. Ostalpen." 
Ibid, (1874). "Ueber d. heteropiachen Verh&ltnisse d. lombardischen 
Tria«." iWd. (1880). " Die Dolomitriffe von Sttdtirol und Venetien," Wien 
<1878). 

« v. WOhrmann, •• Jahrb. d. geol. Beichsanst." (1888), p. 69 ; (1889) p. 180. 

' '' Geogn. Beachreib. d. bayer. Alpengeb.'' (1868-61). See alao the ** Korze 
Anleitung zu geol. Beobachtnngen in der Alpen " (from the publioations 
of the German Alpine Club) of the same author. 
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works are the most important ; for those of the Alps of the Tyrol 
and Lombardy, the researches of v. Richthofen and Benecke ; ^ and 
for those of the Austrian Alps, the researches of Bittner, v. Hauer,. 
Pichler, Stache, Stur, Silss, Tonla and others, and still more those 
of Mojsisovics, to whom we owe also the most comprehensive 
palseontoiogical works on the Alpine Trias.^ 

1. The Alpine Bunter Sandstone, 

In the Alps certain reddish, sandy, micaceous slates, the so-called 
Werfenbeds (named after Werfen in the Salzburg), have been 
correlated with the Bunter Sandstone. They often contain, 
gypsum and rocksalt, and in the upper part impure limestone also. 
The boundary between them and the Grodner sandstone, which 
belongs to the Permian, is difficult to fix. Among the type fossils 
are Avicula {Posidonomya) Clarai (recognisable by its thick rings 
of growth adorned with fine radial striae), Naticella costata, and 
Ceratites (Tirolites) casstanus (XXX VIII. 1-3). In the uppermost 
part of the series numerous calcareous beds occur with Myophoria 
costataj the type fossil of the German Roth, etc., — the so-called 
Myophoria beds. The whole of the Alpine Bunter Sandstone 
forms one single zone of Mojsisovics, namely, that of Nat. costata 
and Tir. cassianus. 

2. The Alpine Muschelkalk, 

The calcareous rocks belonging to this group are designated by 
various names, such asVirgloria Limestone (after the pass of 
that name in the RhsBtic Alps), Recoaro Limestone, Gutten- 
stein and Reiffling Limestone, Mendola Dolomite, etc. 
Mojsisovics separates firstly a normal, generally clayey, sedimen- 
tary series, within which again several Cephalopod, Brachiopod, and 
Bivalve facies can be distinguished ; and secondly, light-coloured 
limestone and dolomite poor in clay, which forms large masses — 
old coral reefs according to Mojsisovics. He recognises further a 
Lower Muschelkalk, the zone of Ceratites binodosus ; and an 

* Richthofen : " Geogn. Beschreib. d. Umgebung von Predazzo, etc., in 
Sadtirol " (1860). Benecke : " Trias u. Jura i. d. SUdalpen. Geogn. palaontol.,'^ 
Beitr. 1. 1 (1866). *' Ueber d. Umgeb. von Esino i. d. Lombardei," Ibid, ii. 
8 (1876). See also Lepsius : "Das westl. Stidtirol," 1878, several papers by 
GtLmbel in the '' Sitzungsber. d. bayer. Akad.," etc. 

' " Das Gebirge um Hailstatt. Abh. d. geol. Reichsanst./^ vi. (1875), still 
incomplete. " Die Cephalopoden der mediterranen Triasprovinz,^' Ibid, x. 
(1882). 
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Upper, the zone of Ceratites trinodosus (XXXVIII. 5). To the lower 
zone belong the well-known Brachiopod Limestone of Recoaro 
and Reutte with Athyris trigonella, Spiriferina Mentzelij Tere- 
bratula vulgaris^ T, angusta^ and other species which occur also in 
the Wellenkalk of Upper Silesia, France, etc. (XXXVIII. 6-9). Of 
other forms fonnd in the Grerman Muschelkalk there should be 
mentioned from this zone GerviUia socialise O. costata^ Myophoria 
vulgaris J Pecten disciteSj P. IcevigatuSj Encrinua liliiformis, 
E, gracilis] and the chief type fossil of the upper zone, Cer, 
irinodosus has also been mentioned as occurring in the Schaum- 
kalk of Riidersdorf near Berlin. The greater number of the 
remaining fossils of the Alpine Muschelkalk, among which Ammo- 
nites of the genera Ceratites, Trachyceras, ArcesteSj PtychiteSy 
Pinacoceras, MegaphyUites, etc., play an important part, are quite 
unknown in the Muschelkalk of Central Europe, just as the most , 
important and widely distributed Ammonite of, the latter, Cer. 
nodosus, has never yet been found in the Alps, 

3. Norian Series. 

This series is characterized by the fact that during the period 
of its deposition the E. Alps were divided into two completely 
separate marine provinces. The one, the Juvavian Province, 
included the Salzkammergut and the Salzburg region, and reached 
from there to the Carpathians; the other, or Mediterranean 
Province, comprised the whole of the rest of the Alpine 
area. E^ach of these two provinces had its own peculiar develop- 
ment, each its own peculiar fauna. The very numerous Ammo- 
nites of each belonged not only to different species but in part 
even to different genera. 

In the Mediterranean Province Mojsisovics distinguishes — 

2. The Wengen beds or zone of Trachyceras Ardielaus and 
Daonella Lommeli ^ (XXXIX. 4). 

1. The Buchenstein beds or zone of Track. Rcitzi. 

In their typical development in the Southern Tyrol the latter (1) 
are grey, nodular or platy limestonas with siliceous segregations ; 
the former (named after Wengen in the S. Tyrol) are dark, shaly 
and marly sandstones, intimately connected with eruptive tuffs. 
The reef facies plays an important part in both, especially in the 

> D. franeonka of the Nodosenkalk of WUrzburg is probably only a 
variety of D. Lommeli. 
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upper zone. Thus not only the wide-spread and thick dolomite of 
the Southern Tyrol (Schlern dolomite); but also the Es ino- 
kalk of Lombardy (rich in gasteropods) and the Wetter st ein- 
kalk of the Bavarian Alps, belong to the Wengen zone. In these 
reef limestones, and also in the younger Haupt and Dachstein 
dolomites, the greater part of the rock is formed not by corals but 
by the rock- building algss which have been described by GUmbel 
4ind others under the names of GyroporeUa and Diplopora, The 
Partnach beds (named after the Partnachklamm) are sandy and 
•clayey equivalents of the Wengen beds in the Bavarian Alps, and 
contain plant remains. 

In the J uvavian Province the Muschelkalk is succeeded by 
the marly Zlambach beds (zone of Ckoristocei'as Haueri), These 
4ire followed by the variegated red Cephalopod Limestones, devel- 
oped as marble or nodular limestone, of Berchtesgaden, Hallein, 
Hallstatt, Aussee, etc. These are the so-called Hallstatt lime- 
stones, the greater part of which belongs to the Norian Series, and 
they are divided by Mojsisovics in to four palsBontological zones (see 
table on p. 229). Pinacoceras Mcttemichi^ Cladiscitea tornatiiSj 
Arcestcs intuslabiatus, species of Trachyceras, Megaphyllites^ etc., 
'Orikoceras dtibium and others. Nautili and Halobias — a genus of 
•bivalves limited, according to Mojsisovics, to the Juvavian Province 
— Monotis «aZenar/a, etc., are here prominent forms (PI. XXXIX.). 

4. Carinthian Series. 

The separation of the Mediterranean and Juvavian Provinces 
4:hroughout the Norian period, continued into the oldest phase of 
the Carinthian period. This phase was represented in the Medi- 
terranean Province by the beds of St. Cassian, grey or 
brown calcareous marls, which contain an extremely rich 
fauna, including over 200 gasteropods, some 80 brachiopods, 70 
lamellibranchs, 37 Ammonites, almost as many Echinoids, 
•corals, etc.^ Between the marls there occur here and there 
at St. Cassian calcareous or dolomitic coral banks which are 
in part directly connected with the neighbouring equivalent, 
unbedded reef dolomites (cf. the view in Fig. 32, which clearly 
.shows the lateral passage from the reef to the marl facies). The 
2one fossil of Mojsisovics for the Cassian beds is Trachyceras aon 

^ This fauna, first described by Count Munster ('* Beitr. z. Petrifacten- 
Jcunde" iv., 1841) has since been mad^ the subject of a Monograph by Laube 
,(" Denkschrift. d. Wien. Akad.," 1866-69). 

CO. Q 
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(XL. 2). Other important species are Arccstes Gaytani, Mega- 
phyllitcB jarbas, CaasianeUa gryphtpata, Cardita civnata, Niicula 
lineata, Encrhiits cataianua, Cidaris dorsata, Koninckitia Leon- 
Juirdi, etc., (see upper part of PI. XL.). All the St. Caspian fossilft 
are dwarfed. 

In the Juvayian Province, the uppermost part of tho 
Hallfitatt marble, Uojsisovics' zone of Trophites aub-biiUaiun 
belongs to the oldest phase of the Carinthian Series, With tho 
SQCoeeding second zone of this series the separation of the two 



jectioni given off into tlie equiv»lent c 

mnrine provinces cnme to an end. The deposits of this zone, the 
Raibl beds (after the town of Raibl in Carinthia), consist of dark 
bituminous mtirly shales and limestones. They are widely dis- 
tributed both in Lombardy, the Southern Tyrol and Carinthia, and 
also in Northern Tyrol, Vorarlberg, etc., and hence they serve as 
a very important horizon for tho comparison of the two provinces. 
The fauna consists chiefly of bivalves and has a marked littoral 
character; and in many ways it is very like the St. Gassian 
Fauna. The zone fossil of Mojsisovics is Tmcliycerai tionoides. 
Other widely distributed species are Myophoria Keferstcini, M. 
Whatleyce, Cardita Guemheli (especially in the Bavarian Alps, 
where these beds are in consequence known as the Cardita 
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beds), Halobia rugosa, GerviUia hipartita, etc./ A k-w species 
such as Myoph. Kefcrsteini and Corbula Jiosthani, are, as already 
mentioDed, fouod also in the Q^rman Oypskeuper, 

According to the Anstrian geologists the Lnnz Sandstone 
(Pig. 33), in the Lower Austrian Alps is to be considered a local 
coal-bearing sandstone factes of the Raibl beds. It has a rich 
fauna, which incltides many species of the German Kohlenkeuper 
{Equiietum areimceum, Fterophyllum Jaegert). In other places 
gypsnm and Raachwacke occar at this horizon; and the Swiss 
Rothidolomite probably belongs here. 



J^amtlreiih eci 



Lastly, with the third and last Carinthian zone there begins a 
series, often several thousand feet thick, of pale, partly thin- 
bedded to platy, partly blocky almost unbedded limestones and 
dolomites, which are widely spread as the uppermost group of the 
Trias; and often form the main mass of the Limestone Alps. The 
so-called Great Dolomite or Lower Dachstein Limestone 
(after the Dachstein gebirge) of this series, Mojsisovics' zone of 
Avicala exilis and Turbo sf^itaritis, belongs to the Carinthian 
series. In general fossils are rare in this zone. The most abun- 
dant are stouecasta of large Megalodons, M. Guembelt, M. compla- 
natuB, etc., generally known under the old collective name 
3f. triqueter (cf. the similar M. scutatus, PI. XL., Pig. 10), or as 
Dachstein bivalves. Gyroporellas also play a large part in many 



' Cf. Deecke, "Neues Jahrb. Beilagebiind.iii.p.3(I383),". 
" Jahrb. d. geol. fi«ichaanst." (1883). p. 69 ; (1889), p. ISO. 
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5. Rhastic Series. 

Into this falls the Upper Bachstein limestone (with Megalodon 
scutatus [XL. 10] also usually known as triqueter). At a some- 
what lower horizon there are usually found grey, often brecciated 
fossiliferous marls, the so-called Kossen or Contoria beds (after 
the specially characteristic species Avicida contorta [XL. 11]). 
These form much the most important member of the Rhastic on 
account of the fact that they are not limited to the Alpine region 
but occur throughout W. Europe. The more or less complete 
separation till then existing between the German basin of depo- 
sition and the Triassic Sea of the South of Europe ceased at this 
time. The conditions became nearly uniform for the whole of 
Western Europe, and so they remained through the succeeding 
Jurassic period. 

The whole Rhsetic Series corresponds with but a single one of 
Mojsisovics' zones, namely that of Avicula contorta. Besides this, 
the more abundant forms are Gervillia inflata^ Protocardium 
rhcpticum, Modiola niinnta^ Anafina prcncursoVj Terebrattda gre- 
(/aria, T, nor tea, Athyris oxycolpos, Clioristoceras Marshi, 
Thamnastrcea rhoitica, and others.^ 

As already noticed, Triassic formations of the Alpine facies are 
found over the whole of S. Europe, in the Maritime Alps, the 
Apennines, in Sicily, the Balearic Isles, Spain, the 
Balkan Peninsula, in Bakonywald and the Carpathians. 
The small masses of limestone of the Bogdoberg(in the Kirghiz 
steppes of S. Russia) which lie above a thick succession of red 
sandstones and marls, are portions of Muschelkalk of Alpine facies 
which lie upon the equivalents of the Bunter Sandstone and have 
escaped denudation. Moreover the DaoncUa deposits of Djulfa 
on the Araxes are of the same type: and all that is known of 
the Trias in Turkestan, Central Asia and in the Himalayas, 
shows a remarkable resemblance to the beds of the same age of 
the E. Alps. In the Himalayas especially, all the chief divisions 
of the Alpine Trias from the Bunter to the Rhaatic, can be 
recognised, with faunas quite like those of Europe. In spite of 
this, certain peculiarities of the Indian rocks have led Mojsisovics 
to distinguish a special Indian Triassic Province, which 
would probably include all the Central Asian Trias, whilst the 

» Cf. v. Dittmar. *' liie Contorta Zone," 1864. 
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Bogdoberg is considered by him to be the most easterly outlier of 
the Mediterranean facies. 

Triassic formations of similar character occupy a very large area 
in the North of Asia, in Spitzbergen and in Siberia, and in the 
neighbouring country of Japan ; also in W. North America, 
in Alaska, British Columbia, California, Nevada and 
Wyoming; further S. in Columbia and Peru; and lastly in New 
Zealand, New Caledonia, Timor. In all of these regions large 
areas are occupied by Upper Triassic Cephalopod limestones 
with Ceratites, Dinar ites^ Trachyceras, Hungarites, Meekoceras^ 
Encrinites, Daonella^ Halobia, species of Monotis and other char- 
acteristic forms of the Alpine Trias. The great abundance and 
wide distribution of the species of Pseudomonotis, allied to the 
Alpine Ps. salinaria, in Siberia and in the whole Circumpacific 
region (P«. ochotica in Siberia and Japan, Ps. sttbcircularis in 
N. and S. America, Ps. Richmondiana^ in Australia), is specially 
remarkable. The close palaeontological relationships which all 
these Triassic deposits show to one another, as well as certain 
differences from the equivalent formations of India and Europe, 
with which they have not a single species in common, have led 
Mojsisovics to distinguish for them a fourth Triassic province, 
called the Arc to-pacific. 

PALEONTOLOGY OF THE TRIAS. 

The Triassic Flora is on the whole nearly allied to that of the 
Zechstein. It consists mainly of Cycads and Conifers. Of the 
former the most widely distributed genera are PterophyUuni 
(XXX Vn. 1, with parallel nerves of uniform strength in the pin- 
nules), Nilssonia (with some of the nerves stronger than the rest), 
Zamites^ Dioomtes, etc. ; amongst the latter the genus VoU^ia 
(with F. hetcrophylla [XXXIII. 1], the important type form of the 
E.6th). A few ferns also, such as Anoinopieris^ Cavlopteris, 
TcBniopteriSj etc., are not unimportant, while of other vascular 
Cryptogams there are only a few Equisetaceae, including Equi- 
setum Mougeoti and E, arenaceum (XXXVII. 2) of the Bunter and 
Keuper. Sigillaria occurs but very rarely in the Bunter. Lastly 
among marine plants calcareous algsB (GyroporcUay Diphpora 
[XXXIX. 6]), are important on account of the part that they take in 
the formation of the Alpine reef limestones. 

Outside the Alpine area the only important Sponge is Rhizo- 
coraUium jenense, with its cylindrical serpentine roots covering 
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the surfaces of the Muschelkalk beds ; whilst in the Alps, especi- 
ally near St. Cassian, calcareous sponges of the group Pharetrona 
Are not uncommon. 

Outside the Alps Corals occur only in tho Muschelkalk and even 
there are rare ; in the Alps on the other hand they are much more 
widely spread and abundant, especially in the reefs of the Upper 
Trias (RJiabdophylUa, Calamophyllia, etc.). It appears that 
they are always allied in their structure to the later Hexacoralla. 

Among the Crinoids we meet only with articulate forms, whilst 
the tesselate Palaeocrinoids have quite disappeared. The genus 
EncidnuB is the most important {E. gracilis in the Lower, E, 
uniform 18 [XXXV. 2] in the Upper Muschelkalk, E. cassianus^ 
•etc., near St. Cassian). 

Among the Echinoids, all of which belong to the regular group, 
Cfldaris (especially rich in species at St. Cassian) should be men- 
tioned. 

The reduction of the Brachiopods in comparison with the in- 
crease of the now abundant Lamellibranchs is especially worthy 
of notice. But the Triassic brachiopod fauna still shows many 
affinities to the Palseozoic. Along with numerous Spiriferina 
we here find the last survivors of the important Palaeozoic genera 
€yHina, Retzia, and Athyris (the latter still with some fifteen 
«pecies ; A. trigonella [XXXVm. 6] in the German and Alpine 
Muschelkalk, A. oxycolpos in the RhaBtic Series). The genus 
Koninckina (XL. 6) now referred to the Spiriferidce (formerly 
placed near Productus) and a few others are peculiar to the Trias. 
"The occurrence in the Alpine Upper Trias of a few species of 
T/iecidittm, a genus which first becomes rich in species in later 
times, is interesting. The most widely spread genera in the 
Trias as in all the Mesozoic formations are Terebrahda {T. 
vulgaris [XXXIV. 7], T. angusta, T. gregaria, T. norica, etc.), and 
Rhynclwnella, 

The Lamellibranch fauna is rich and varied, especially in com- 
parison with that of the Palaeozoic rocks. Among the Monomy- 
OTia are Pecten, Hinnites, Lima, Monotis, Halobia, Damella, etc. ; 
among the Dimyaria, GcrvUlia, Myophoria (unusually rich in 
forms both within and without the Alps) Anoplopkora, Cardita, 
Megalodon (only in the uppermost Alpine Trias ; but there very 
important), etc., are very rich in species and include many charac- 
teristic forms. Representatives of the most highly organized 
division, the Sinupalliata are however still rare. In Germany 
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Homomya (formerly Myacitcs) musculoides of the Muschelkalk^ 
belongs to this group. 

Gasteropods are very abundant, particularly in the Alps (St. 
Gassian, Esinokalk.) Types such as Murchisonia and LoxonemO' 
recall the Palaeozoic fauna; while Cerithium, Emarginula and 
others belong rather to the later univalve faunas. 

The Gephalopoda are much more important. In the Alpine 
Xeuper the last species of the important Palaeozoic genus. 
Orthoceras (XXXIX. 2) are found. Of the other Nautiloid formsy 
Nautilus is still important. The genus is represented in Germany 
only by N, jugatonodosus and N, bidorsatua of the Muschelkalk ; 
in the Alps on the other hand, by numerous angular richly orna- 
mented species recalling the Carboniferous and Permian forms. 
The genera Atractites and Aulacoceras too, are very interesting as 
forerunners of the true Belemnites, which become so important 
from the Jurassic onwards. Very much more important however 
are the Ammonites, which here for the first time are abundantly 
developed; and, as in the Jura and the Chalk, include the zono 
fossils. 

The most important genus is Ceratites^ distinguished by a 
widely umbilicated shell bearing ribs and knobs, and by its. 
peculiar sutures consisting of simple saddles, and lobes weakly 
denticulated. In the German Trias this genus is present only in 
the Muschelkalk (C. antecedens in the Wellenkalk ; C vodoauSj 
[XXXV. 1] C. semipaHihis, C. cnodis in the Upper Muschelkalk) 
and as a rare occurrence in the Kohlenkeuper ; in the Alps on th& 
other hand it is found throughout the Trias {Ceratites [Tirolites] 
cassianus in the Bunter Sandstone, C. bi- and tri-nodosus [XXXVIII- 
5] in the Muschelkalk.) The allied genus Trachyceras with deep- 
mouthed shell decorated with numerous rows of knobs (7*. aon [XL. 
2], T. aonoides; Norian and Carinthian) is exclusively Alpine. 
Other important and characteristic genera of the Alpine Trias ar& 
Arcestes, with globular, completely involute shell, and strongly 
divided sutures {A. Oaytani, etc.) ; CIndiscites, the whorls of which 
are subquadratic in section and spirally striated ( C. tomatvs- 
[XXXIX. 1], etc.) ; Pinacoccras, disc^shaped with sharp back and 
very numerous lobes (P. Metternichi [XXXIX. 3], P. parma, etc ) ; 
Beneckeia Buchi from the German Muschelkalk also is related to 
this genus. Further there occur Ptychites (P. Studeri [XXXVIII. 
4], Alpine ; P. dux^ German ; Muschelkalk), Tropites, MegaphylUtes^ 
Monophyllites and others. The two last named belong to th& 
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important family of the PhylloceratidaR^ which is first richly 
developed in the Jura. Another great family, the LytoceratidcBy, 
chiefly belonging to the Jura and Chalk, has also its forerunners 
in the Trias. 

The Crustacean fauna of 'the Trias does not offer much worthy 
of remark. Of the Ostracoda, Bairdia, of the Phyllopoda JEW^cna 
(E, minuta [XXXVII. 4] in the Bunter and Keuper) should be men- 
tioned. Pcmpliix (P. Sueur ii of the Upper Muschelkalk) is a truo 
macrurous Decapod, 

Among the fishes, along with Selachii {Hybodi^, Acrodtis, etc.)^ 
the teeth of which are not uncommon, especially in the Kohlen- 
keuper, heterocercal G-anoids still predominate. These belong 
especially to the Lepidosteidse {Semionotus^ DapediuSj ColoboduBy. 
Lepidotus^ etc.), which are covered with large shining enamel 
scales and. are not known with certainty in the Permian. The 
important Dipnoan genus Ceratodus is very characteristic. Its^ 
peculiar grinding teeth, deeply zigzag at the border and very like^ 
those of the living C, Forsteri (XXXVI. x.), are especially abundant 
in the German Kohlenkeuper (XXXVI. 3). Lastly the genera 
Saurichthya and Belonorhynchris, although their vertebral column 
is still incompletely ossified, are probably the oldest representa- 
tives of the Bony Pishes or Teleostei, which is now the most 
predominant group. 

The Amphibia were represented by a special group of Stegoce- 
phala, the huge Labyrinthodonts, characterized by the absence of 
stomach plates and sclerotic ring, by the marked labyrinthine 
structure of the teeth and other characters. To these belong 
Trematosaumis from the Bunter (especially from Bemburg) ; 
Mastodonsaurus (with broad triangular, flat skull, large eyes, 
small nostrils [XXXVI. 1]), from the Muschelkalk and Kohlen-^ 
keuper; Capitosaurus from the Keuper; and others. 

Beptiles were very abundant in the Trias, especially in compari- 
son with the Permian. Almost all the groups characteristic of 
Mesozoic times had their representatives in the Trias. 

The order Ichthyosauria with the chief genus Ichthyosaurus ^ 
which becomes so important in the Jura, was already present in 
the Trias (/. atavtis of the S. German Muschelkalk). 

The like is true of the Plesiosauria (Sauropterygia). To this, 
group belongs the genus Nothosaurus (XXXV. 4) with its very 
long, small skull, conspicuous large oval temporal fosssB separated 
by a very small parietal bone. This form is found chiefly in the^ 
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Muschelkalk of Baireuth. In the English and French BhsBtiCy 
traces of Plesiosatwus itself have been found. 

The genera Telerpeton and Hyperodapedon from the red Eenper 
sandstone of Elgin in Scotland are referred to the Rhyncoce- 
phala, a group already present in the Permian. The former, so long 
as the sandstone mentioned was supposed to be Devonian, used to 
be looked upon as the oldest reptile. 

The remarkable Theromorpha, which owe their strikingly 
mammalian appearance to the height of the skull and the lateral 
position of the eyes, are remarkable peculiar forms of the Trias. 
Both the chief groups, the Anomodontia and the Theriodontia, are 
tiiainly limited to the S. African Karoo series and the Indian 
Panchet beds. The first-named group, which is distinguished by 
its toothless, horny under-jaw, and upper jaw either horny or 
provided with large cutting edged teeth, includes Dicyrukhn 
•(said to occur also at Elgin) and Oudenodon (XXXVII. 5, 6). In 
the second group, the Theriodontia, the differentiation of the teeth 
into incisors, canines, and grinding-teeth, a differentiation which 
is quite foreign to reptiles generally, is especially characteristic. 
It is now usual to refer to the Theromorpha the peculiar genus 
Placodus (XXXV. 3), the very characteristic, black, enamel- 
covered, bean-shaped palatal teeth of which are not uncommon 
in the Muschelkalk. The complete skull of this form has been 
found in the Muschelkalk of Baireuth. 

The Crocodiles were represented by Bclodon (Swabian Stuben- 
sandstein, also N. Carolina) and others. Lastly to the Dinosaurs 
are referred the gigantic Zanclodon and the smaller AHosauras 
4J^erratus)^ both from the Stuttgart Stubensandstein. The orders 
Pterosauria, Lacertilia and Ophidia were not represented in the 
Trias. 

The oldest known mammals belong to the Keuper. The small 
•cusped teeth described as Microlestes antiquus were first found in 
the Swabian Bone-bed, and afterwards in equivalent beds in Eng- 
land. Hypsipryvmopsis (England), Dromatherium (N. Carolina), 
iind Tritylodon (S. Africa) are foimded on teeth and other re- 
mains of similar kind and age.^ 

^ Until recently, all these remains were referred to the Marsapialia. 
Lately, however, they have been grouped together as a special Order, the 
Pantotheria, which is united with the Monotremata to form the subclass 
Prototheria, the primitive mammals. 
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B. JURASSIC SYSTEM. 

GENERAL AND HISTORICAL. 

The Jurassic System, the second of the three great Mesozoic 
divisions, is locally several thousand feet thick. It was for the 
most part laid down in a deep sea, and is therefore generally more 
or less calcareous. Sandy and conglomeratic beds, on the other 
hand, are very much less important than in the Trias, and volcanic 
tuffs and interbedded eruptive rocks are entirely absent, at least in 
Central Europe. The succession of the Jurassic deposits is extra- 
ordinarily regular over large areas, and the lie of the rocks is 
generally very slightly disturbed. Over large districts the beds 
xire nearly horizontal and are unaffected by any strong folds or 
faults. It is only in the younger mountain ranges, such as the 
Swiss Jura and the Alps that we find the Jurassic beds steeply 
inclined, folded, reversed and faulted over wide areas. 

The name Jura formation was first applied by Al. Brongniart 
and Humboldt to these deposits, and was borrowed from the Jura 
Mountains of W. Switzerland. In England, instead of this name, 
the terms Lias and Oolite were long in use. The former is a 
local designation for certain calcareous clayey rocks which form 
the lower part of the system. The term Oolite alludes to the 
oolitic limestone and ironstone which are very widely spread in 
England, and which are not rare in France and North Germany. 

In England, as well as in France and Germany, the Jurassic 
System contains, at the most different horizons, an extraordinary 
number of fossils, in part beautifully preserved. This explains 
why it is that the series has long been a favouriteamong geologists, 
and that the vertical distribution of the Jurassic fossils was known 
before that of many other formations. The knowledge of the 
Jura of England took its rise when William Smith, the father of 
English Geology, in the first decade of this century, separated 
the chief divisions of the system from one another, and correctiy 
determined their chronological sequence ; so that his successors, 
Conybeare and Phillips, were able in 1822 ^ to establish a classifi- 
cation of the English Jurassic which is nearly identical with that 
now in use. A few years later Phillips ^ published the fijrst descrip- 
tions and illustrations of a large number of type fossils of the Eng- 
lish Jura. The important part which England has thus played in 

* ** Outlines of the Geology of England and Wales." 
= »* Illustrations of the Geology of Yorkshire " (1884-86). 
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the increase of our knowledge of the Jura explains why the English 
names of so many of the Jurassic series have come into general use. 

In France the examination of the system has gone on since 
D*Orbigny's time. He divided the Jura into ten subdivisions 
which he found also in various other countries, and at the same 
time he illustrated and described a number of Jurassic fossils.^ 

In Germany L. v. Buch was the first to occupy himself with 
the detailed study of the Jurassic beds, and he proposed the 
classification still used in Germany, into Lower, Middle and Upper, 
or (according to the chief colours of the rocks composing these 
divisions), the Black, Brown, and White Jura. Buch's * work in 
this] was the foundation for the later works of Friedr. August 
Quenstedt, who determined the vertical distribution of the in- 
cluded organic remains with a completeness even yet unequalled 
elsewhere, and divided the formation into eighteen series. The 
" Flotzgebirge Wtirttembergs," published in 1843, was in great 
part occupied with the Jurassic rocks, and his " Cephalopoda " ^ 
(1846-1849) treated chiefly of the Swabian Jurassic Ammonites. 
In 1850 followed his chief work, appearing afterwards in a second 
edition, "Der Jura"; and lastly (1883-1888), his great work, 
" The Ammonites of the Swabian Jura," completed shortly before 
the death of the author. 

A. OppePs work lay in a somewhat different direction from that 
of his teacher Quenstedt. With as much sagacity as success, he 
endeavoured to apply to other countries, especially to England and 
France, the classification of the Jura founded by Quenstedt and 
completed by himself, in which he distinguished some thirty 
palsBontoIogical zones. 

Since Oppel's early death a great number of geologists, in part 
his pupils, have worked ceaselessly on the Jurassic rocks, so that 
their detailed classification and the tracing out of the various 
horizons, has now been brought to >a greater pitch of perfection 
than in any other system. Among the observers who have helped 
in this work only the most important, such as Benecke, Neumayr 
and Waagen, can here be mentioned. 

One of the first results of the researches of these observers has 
been the recognition of the astonishingly wide distribution of 
many of OppeVs zones. Thus W^aagen ^ has been able to recognise 

* " Pal6ontologie fran^aise. Terrain jurassique" (1840-46). 

« " Ueber den Jura in Deutsohland. Abh. d. Berl. Akad.," 1889. 

* In " Petrefactenkunde Beutschlands.*' 

* " PalflBontologia Indica " (1871). 
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m the Jura of Kach (Catch) in India, a whole series occurring in the 
same order as in Europe ; and the detailed classification of Oppel 
seems to be applicable to South America also. If in other oases 
no such agreement is shown, one should not forget that it can only 
be expected in the case of the Ammonite-bearing deposits of the 
deep sea ; whilst in coastal deposits, such as coral limestones, etc., 
the character of the fauna must depend largely on local conditions. 

Another very important result of later observations on the Jura, 
is the proof of the existence of various Jurassic marine Provinces, 
distinguished by different faunas. After Marcou had separated a 
Burgundo-norman from a Hispano-alpine Jurassic Province, 
Neumayr followed up this result with great sagacity and unusual 
ingenuity. He distinguished in Europe three large Jurassic Prov- 
inces generally stretching from East to West. These are, (1) the 
Mediterranean Province, which includes the deposits of the 
Carpathians, the Cevennes, Italy, Spain, and the Balkan Peninsula. 
The fauna is characterized by the extraordinary abundance of 
Ammonites of the genera Phylloceras, Lytoccras and Simoceras. 
Terebratulas of the group of the remarkable 2\ diphya are pecu- 
liar to this Province. (2) The Middle European Province. 
This includes the whole extra-Alpine Jurassic of France, Germany, 
England, and the Baltic Region. Phylloceras and Lytoceras are 
here much rarer, while Harpoceras, Oppelia^ Peltoceras, and Aspido- 
ceras are very abundant. Coral reefs are present of great extent and 
thickness. (3) The Russian or Boreal Province, includes the 
JTurassic beds of Central and Northern Russia, of Novaja Semlja, 
Spitzbergen, and Greenland. Lytoceras^ Phylloceras and Haploceras 
are quite absent here, and so are coral reefs; while CardioceraSj 
.a kind of Ammonite, and the bivalve genus Aucdla are very char- 
acteristic and widespread. Neumayr seeks for the cause of the 
differences in the fauna of the three provinces in climatic differ- 
once?, which he supposes to have been already established. In 
other words, the marine provinces are to him nothing but climatic 
zones. On account of the interest which this circumstance has, a 
special section will be devoted to it, after the description of the 
Jurassic formation of the various regions. 

We owe to the same observer an attempt at a cartograpic recon- 
:struction of the oceans and continents of the Jurassic period — the 
first attempt made for so remote a period and for the whole earth.^ 

1 **Die Keograph.Verbreitung der Juraformation. Denkschr. d. Wien. 
Akad." (1886). 
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The most important result of this work, as interesting as it is 
bold, has been to show the extraordinary extent of the Upper 
Jurassic beds compared with those of the Lias. That this was tho 
case in Europe, had already been known for a long time. It was 
known that the Lias is indeed developed throughout Western 
Europe, but that even near Begensburg and Passau, Hohnstein in 
Saxony, throughout (extra-Carpathian) Moravia, in Upper Silesia^ 
near Cracow, and in the Baltic area it is entirely absent. In these 
places the Jura everywhere begins with deposits of the Middle or 
Upper divisions of the formation, which rest directly on far older 
rocks. But according to Neumayr this is also the case further east^ 
throughout European and Asiatic Russia, in N.W. and Arctic N. 
America, Eastern Greenland and Spitzbergen, and also in Asia 
Minor, Persia, India, and E. Africa. In all these places the Lias 
is completely absent, and the Jurassic begins with one or other of 
the subdivisions of the Middle or Upper part of the System. 
Evidently all the areas named were land during the whole of the 
Liassic epoch, and in part also during a part of the Middle 
Jurassic. The sea gradually, during the progress of the second 
half of the Middle, or during the Upper, Jurassic period, began to 
overflow the whole of this large region. This is one of the greatest, 
probably tJie greatest, encroachments of the sea which we know of 
in any period of the history of the earth. The Jurassic sea reached 
its greatest extent in Oxfordian times. In the later phases of the 
period the land gradually rose above the sea in Central Europe 
and other places. 

The general classification of the Jurassic formation in Germany 
and England is shown in the following scheme : — 
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Lower or Black Jura. 
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* Here referred to and described under the head of the Cretaceous. 
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While in Germany, since v. Bach's time, three main divisions 
are recognised, English geologists distinguish two or four. The 
boundary between the Middle and Upper Jura is placed by y. fiucli 
and^Quenstedt between the Kellaways Rock and Oxford Clay, while 
Oppel, agreeing with the English geologists, draws it between the 
Great Oolite and the Kellaways Eock. The terms. Dogger and 
Malm, used by Oppel, are English local names. Lastly, the French 
agree with the English in recognising only two main divisions, 
namely, (1) The Liassic system, and (2) The Oolitic system ; but, 
as already noticed, they generally refer the Rhsetic Series to the 
Lias under the name Infra -Lias. 

DISTRIBUTION AND DEVELOPMEXT OF THE JURASSIC. 

Jura of Central Europe. 

From what has been remarked in the foregoing on the distribution 
of the Jurassic deposits comprised by Neumayr in the Middle 
European Province, it is clear that to this belong before all the 
extra-Alpine parts of Germany, England and France. Since our 
knowledge of the Jura was originally derived from these countries, 
it is necessary to describe them first. 

In Germany, three great areas of Jurassic rocks can be dis- 
tinguished : the Franko-Swabian, the N.W. German, and the Upper 
Silesian. 

The Franko-Swabian Jurassic forms a large curve, one arm 
of which extends with south-easterly strike from the region 
of Coburg to Regensburg, whilst the other stretches thence in a 
south-westerly 'direction to the foot of the Black Forest. The 
northern limb forms a large trough the middle of which consists of 
Upper Jura, whilst towards the borders we get in normal suc- 
cession, first the Middle, then the Lower Jura, and lastly the 
Keuper beds. The larger westerly arm is, on the other hand, 
composed of a series of Jurassic rocks also lying regularly on the 
Trias, but dipping to the south, and not forming a trough. Here, 
therefore, the Lias, forming an undulating country, appears only 
along the northern border of the Jurassic belt. It is succeeded by 
a narrower zone of Middle Jura, then by the Upper Jurassic 
Limestone, the gently inclined layers of which, near the Danube, 
form the plateau of the Swabian Alps (Fig. 34). 

The Jurassic of N.W. Germany includes a zone reaching 
from the neighbourhood of Helmstedt and Quodlinburg in a west- 
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erly direction to the Tentoburger Wald. It does not form a 
continuous belt like the S. German Jura, but a series of small 
bands or Closed elliptic rings, anticlinal s and synclinals, striking 
north-westerly, in the composition of which the Trias, and sometimes 
also the Cretaceous, rocks take part. The most considerable of 
these Jurassic masses forms the Weser range, which, where it is 
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Fig. 34.— Section through the Triauic and Jaraasic beds of Swabia. 
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crossed by the Weser, at the Porta Westfalica, shows the grandest 
section of the Jura in North G-ermany. 

The Upper Silesian Jura region, which, unlike the two areas 
already mentioned, contains only Middle and Upper Jurassic rocks, 
forms a belt some thirty miles long, reaching from Krakau 
(Cracow) to Kalisch, which in the N. appears only here and there 
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Fio. 3d.— Sectiuu through ihe Upper Jurassic of the Porta Westfalica (Heiur. Credner). 

1. Bath beds. '2. KellawayR. 5. Oxfordian. 4. Coral oolite. 6. Eimeridge. 6. Lower 
Portland. 7. Upper Portland (Eimbeckhauser Plattenkalk). 8, 9. Wealden. 

Ihrough the Diluvium, and in the S.W. rests against the Jurassic 
of Upper Silesia. 

Besides these larger areas there are in Germany a number of 
smaller occurrences of Jurassic rocks. Thus Middle and Upper 
Jura occur at the mouth of the Oder^ in the neighbourhood of 
Kammin and Kolberg. Also near Thorn and Inowrazlaw there are 
found detached patches of Upper Jura rising through the Dilu- 
vium, and at Dobbertin in Mecklenburg a similar patch of Lias. 
To the Lias belong also a row of smaller patches of Jura in Central 
Germany, namely at Gotha, Eisenach, Gottingen, Wabern, etc., 
which have been sunk between large faults to the level of the 
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older formations, and have thus escaped denudation. Near Hohn- 
stein in Saxony, and at a few places in Bohemia, there occur along 
the great thrust-plane which separates the Lausitz granite moun- 
tains from the Bohemian chalk area to the S., a few reversed 
masses of Jura. All these occurrences are of great interest, as 
evidences of a former much wider extension of the Jurassic beds in 
these regions. Lastly, along the sides of the Valley of the Upper 
Khine there are various remnants of this formation, which point 
to a former connection between the Swabian and the Lorraine 
Jura. 

The SwissJuraMountains, stretching from Basel to Greneva, 
are only an extension of the Swabian Jura beyond the Rhine into 
the Swiss area. Unlike the Jurassic rocks of Swabia, however, 
they are here strongly folded, and form a chain of mountains, the 
complicated structure of which was long ago described and ex- 
plained in the beautiful works of Thurmann. 

In France tbe Jurassic rocks surround the great Central 
Plateau in a tolei*ably complete ring. Resting in part directly on 
crystalline rocks, they dip away on all sides from the older 
mountain core, so that the innermost zone of Lias, lying on the 
primitive rocks, is succeeded by a second zone of Middle, and this 
by a third of Upper, Jura. There are also two other Jurassic belts, 
which, together with the band on the N. of the Central Plateau, 
form a rim to the great Cretaceous and Tertiary basin of N. 
France. The eastern belt, starting from the north-east comer of 
the Central Plateau, runs through Burgundy, Lorraine, and 
Luxemburg, and after a long interruption reappears once more at 
Boulogne-sur-Mer ; while the western arm begins at the north-west 
comer of the Plateau, and runs along the eastern border of the old 
Breton massif to the English Channel. 

Lastly, in England the Jura forms a broad zone striking N.N.E., 
underlaid on the W. by Keuper, and overlaid on the E. by the 
Cretaceous rocks. This zone (a continuation of the Breto-norman 
belt) stretches from Lyme Regis and Portland in the Channel, 
through Bath and Oxford to Whitby on the coast of the North 
Sea. All three divisions of the system are here clearly developed. 

Since in all the regions mentioned, so far as the Jurassic formation 
is present, a classification into Lower, Middle, and Upper Jurassic 
is clearly recognisable, these three divisions will here be described 
separately, and according to the limitations which L. v. Buch and 
Quenstedt have ascribed to them. 

c. G, R 
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1. The Lias or Lower {Black) Jura, 

Following the grouping of v. Buch and Quenstedt, this is now 
usually separated into Lower, Middle, and Upper stages. 
d'Orbigny proposed for them the names Sin^murien, Liasien, 
and Toarcien, but these terms are not generally used except in 
France. Basing his classification on petrographical characters, 
Quenstedt has divided each of these three stages into two smaller 
zones. He thus obtains for the whole Lias, six zones, which he 
denotes by the Greek letters a, )8, y, 5, c, f. In later times Oppel 
proposed a still more detailed classification into fourteen zones. 
He chooses as zone fossils, forms of the widest possible distribution 
and relative abundance. OppePs classification is now everywhere 
accepted ; but the latest writers have chosen Ammonites as zone 
fossils, even in those cases where they had not yet been given by 
Oppel. This has happened because any classification, to have a 
universal application, must be based on pelagic deposits ; and in 
such deposits, in all Mesozoic periods. Ammonites are the most 
important form. 

In Swabia*,^ according to* Quenstedt, the Lias is developed as 
follows : — 

8. Upper Lias. 10 metres thick. 

Lias ^. Jurensis Marls. Grey calcareous marls, with Amm. {Harpo- 
cercu) radians (XLIII. 8), and A, (Lytoceras) jurensis. 

Oppel. Zone of A. jurensis. 

Lias e. PosidoniaShales, Very bituminous, laminated shales, fall 
of Posidonomya Bronni (XLIII. 5), Belemnites acuariuSy Anim. cofnmunis, A. 
hollensiSj etc.j Fentacrinus briareus, remains, of Saurians (Tchtkyosaurus^ 
Blesiosaurus, Teleosaurus)^ Fish (Dapedius), and naked Cephalopoda, of 
which both the pen and inkbag, with dried ink, are often preserved (XLIII. 
4). Holzmaden, in WUrttemberg, and Banz, not far from Koburg, are 
famous localities for Saurian remains. 

Oppel. Zone of Posidonomya Bronni. 

2. Middle Lias. 15-80 metres thick. 

Lias 5. Amaltheus Clays. Unctuous clays, with Amm. {AmaUheus} 
margaritatusy Montf. =amaltheus Schl. (XLII. 8) ; also Pentacrinus basaUi'- 
formiSf Belemnites paxillosus (XLII. 4), etc. ; then limestones with Amm, 
{Amaltheus) sjAnatus^ Brug.=costatus Schl. 

Oppel. 2. Zone of Amm. spinatus, 
„ 1. „ Amm, marffariteUus. 

' Besides the works already quoted of Quenstedt and Oppel, see Waagen, 
*' Der Jura in Fxanken, Schwaben und der Schweiz " (1864) ; Fraas, "Geogn, 
Beschr. v. Wiirttemberg, Baden und Hohenrollem " (1882) ; Engel, " Geogn. 
Wegweiser durch Wurttemberg " (1888). 
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Lias 7. XumismaliBMarl. Hard, grey, stony marl, with 7Vre&m<ti2a 
numiimalia (XLII. 7). Also Amm, (jEgoceras) Jtuoni^ A. Ibex^ etc, 

Oppel. 3. Zone of Amm, Davoei, 
2. „ Amm. ibex. 
,, 1. „ Amm. Jamesoni. 

1. Lower Lias. 80-d5 metres thick. 

Lia8/3. Turneri Clays. Below, tough, onfossiliferous clays ; above, 
limestones, with Amm. oUusue, Sow. =Turneri Ziet, and clays with Amm. 
ovynotue. 

Oppel. 8. Zone of Amm. raricoetalus. 
„ 2. „ Amm. oxynotus, 
„ 1. „ Amm. oUueua. 
Lias a. c. Arietes Beds. Beginning with the Arietes or Gryphsea 
Limestone, dark lim^tones full of Oryphcea areuata (XLL 4), and many 
Arietes Ammonites (especially Amm. [Arietitee] BucMandi [XLL 2], A. 
Conybeenrif and epireUisaimus), Lima gigatUea (XLI. 8), Avicula inaequivcUviSf 
Nautilus aratus^ Spiriferina WalcotU (XLI. 7), etc. ; closing with the Penta- 
crinus beds (with PerUacrinua tuheroulatus [XLI. 6J) and the so-called Oil 
shales. 

b. Angulatus Sandstone. At the base the Gardinia (Thalassites) 
2one, with numerous Gardinias (Cardinia Listeri and others [XLL 5] ) ; 
above, the Angulatus Sandstone, with Amm, angtUatue (XLI. 1). 

a. Psilonotus Limestone. With Amm. planorbie Sow.^psilonotue 
Qucnst. 

Oppel. 4. Zone of Pentctcrinue tubercul€Uu8. 
„ 8. „ Amm. Bucklandi, 

„ 2. „ Amm. angulatua. 

„ 1. „ Amm. planorbie. 

The development of the Lias in Franconia, the Swiss Jura, 
in the Reichsland and in Luxemburg, is in general very 
similar to that in Swabia. The white conglomeratic Luxemburg 
Sandstone, reaching 100 metres in thickness, is a peculiar forma- 
tion found in Luxemburg and the neighbouring parts of Lorraine. 
It is a coast deposit, corresponding in the main with the Angulatus 
beds, but in part reaching to a higher horizon in Quenstedt's a. 

The Lias of N. W. Germany is also very like that of S. 
Germany, v. Seebach distinguishes nine zones, the names of 
which and their relations to Quenstedt's series are shown in the 
table on page 248. It differs from the S. German type in the 
occurrence of oolitic ironstone in the horizon of the Brevispina 
beds at Sch5ppenstedt, Harzburg, Salzgitter, Markoldendorf, and 
other places. Similar ironstones occur locally in N. Germany, in 
both lower and higher horizons, as for example at Harzburg in the 
Arietes beds. The S. German stone marl, Quenstedt's y, is absent 
in N. Germany ; but the Amaltheus Clays and the Posidonia beds^ 
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which from their petrographical character afford an important 
horizon easily and universally recognisable, are developed just as 
in S. Germany. The Domten shales, lying on the Jurensis beds, 
and hitherto known only from the regions of N. Goslar, are dis- 
tinguished by their great richness in Ammonites (especially species 
of Harpocerczs), 

In N. Germany a very interesting outci-op of Upper Lias, 
with numerous insect remains, is known at Dobbertin in Mecklen- 
burg. The most easterly occurrence of Lias known in Germany 
is at Kammin, and has been discovered by a deep boring. 

The Lias of England is very similar to that of Northern Germany. 
It forms a belt extending from Dorsetshire to the coast of Yorkshire, 
and is also found on the coasts of Scotland and in the north-east of 
Ireland. It is everywhere divisible into zones, closely corresponding 
with those of Oppel ; and these were originally determined in 
England by Dr. Oppel himself, but have since been more closely 
examined by "Wright, Judd, Tate, Blake, and others. On the 
whole it is a clay formation, with beds of limestone. It is divided 
as follows : — 

Upper Lias. — Blue or grey shales and clays below, with nodules of 
limestone ; Midford Sands above. 

Middle Lias. — Micaceous sands, marls and clays below; tough ferru- 
ginous marlstones above. 

Lower Lias. — The lower part consists of blue clayey limestones with 
beds of clay ; the upper part chiefly of marls and clays. 

The zones into which these are divided and their correlation 
with the German deposits are given in the table on page 248. The 
line between the Lower and the Middle Lias is not marked by 
Any change in lithological character, and is sometimes drawn 
below the zone of Amm, inargaritatus instead of below that of 
Anim, JamesonL The Midford Sands (zone of Amm, jurensis) are 
not uncommonly placed in the succeeding Oolitic Series. 

The most important peculiarity of the English Lias is the oc- 
<5urrence of deposits of carbonate of iron — the famous Cleveland 
iron ore — in the zone of Amm. spinatus in the north of Yorkshire. 
Perruginous deposits of less importance are found at this and other 
horizons in the Lias of other areas. The Alum Shales of Whitby 
with their numerous remains of fish and saurians belong to the 
2one of Posidonomya Bronni. Another locality famous for its fish 
And large saurians is Lyme Regis in Dorsetshire. 

The Lias of France diflfers but little from the types already 
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described, and consists chiefly of clays, marls and limestones. In 
the Moselle area the deposits are more sandy, and near Luxemburg 
the greater part assumes the form of sand and sandstone. In the 
French Ardennes the zone of Amm. planarbis is absent or rudi- 
mentary, and the zone of Amm. angtdatus begins with a con- 
glomerate of Devonian pebbles. As in England, ferruginous 
deposits are found at various horizons, and the oolitic ironstone of 
la Verpilli^re (near Lyons) has long been famous for its beautifully 
preserved fossils of the Amm. hifrons zone. 

It should be noticed that French geologists usually include the 
Opalinus beds, here placed in the next series, with the Lias. 

2. The Middle or Brmcn Jura {Dogger). 

In Wiirttemberg Quenstedt divides this group also into six stages 
(a-0. Oppel recognises for it eleven zones, to which has now been 
added a further zone of Amm. Soioerbyi. Oppel draws the upper 
boundary of the Middle Jura somewhat differently from Quenstedt. 
He concludes his Dogger with the zone of TerebrattUa lagenalis^ 
and refers the overlying beds to the Upper Jura. This corre- 
sponds with the English and French classifications. Thus in 
England one of the chief boundaries, namely that between the 
Lower and Middle Oolite, is drawn between the Great Oolite 
and the Kellaways Rock. It has already been mentioned that 
the French, and some English, geologists begin the Middle 
Jurassic (Lower Oolitic) with the Murchisonce zone. Another 
grouping has been proposed by Vacek,^ who bases his view on a 
denudation unconformity observed in many places between the 
Sowerbyi zone and the lower beds of the Jura. This points to a 
continental period preceding the deposition of that zone, and 
Vacek therefore would draw the lower boundary of the Oolitic 
Series between the Murchisona: and Sotverbyi zones. Here, how- 
ever, the grouping adopted by Quenstedt and Neumayr is followed. 

In Swabia the Middle Jura is classified by Quenstedt as 
follows : — 

8. Upper Brown Jura. 

^. Ornatus Clays. Dark unctuous clays with numerous Ammonites 

(replaced by iron pyrites) : Amm. J<Mon^ A. ancepsj A. hecticuBj A. ornatus 

(XLYI. 8), A. atUeta, etc. 

Oppel. Zone of Amm. athleta. 
„ „ Amm, ancepa. 

^ " Fauna der Oolithe vom Gap San Vigilio. Abb. d. geol. Beiohsanst/' 
(1886). 
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6. Clays and ferraginous Oolite. Below, zone of Amnu {Parkinwnia) 
Parkinsoni (XLY. 4); above thiSi limestone with RhyncJionella varian» J 

(XLVI. 2) ; at top, ixme of Amm, {MctcrocephalitM) macrocephalus (XLVI. 7). 

Oppel. Zone of Amm, macrocephalut, 
„ „ Terthrcttula lagetuUia. 
„ „ r. dtflrofia (XLVI. 8). 
„ „ Amm, Parkiruoni, 

2. Middle Brown Jura. 

d. Fossiliferous Clays, Limestones, ferruginous Oolite. At the 
base, G\gant€U3 clays, with the large BeUmnitea giganteus (XLY. 5). Then 
Ostrea Limestone with the plaited Oatrea Marahi (XLIY. 5), and the smooth 
O, eduti/ormisj Trigonia coeUUa (XLIY. 8), etc. These are followed by Coro- 
natus Beds with Amm. (Siephanocercu) Humphriesiantu^ A, Blagdeni (XLY. 
8), and A. Braikenridgi. Above, Bifuroatus Beds with Amm, bifurcatua^eUi. 
The commoner fossils of this «tage include (besides those mentioned) Pholch- 
dcmga Murchiaoni (XLIY. 6), Lima proboacidea^ Modida modioUUa, Terdn-a- 
tula perovalia, 

Oppel. Zone of Amm, Humphrieaianua. 

y. Blue Limestone, poor in fossils. Near the middle of the stage are beds 
with Avim, {Hammatocer€ui) Sowerbyi, 

Oppel. Zone of Amm, Sauzei, 

1. Lower Brown Jura. 

p. Yellowish Sandstone and oolitic Ironstone (of Aalen). Chief 
fossils : Amm. (Harpoceraa) Murchiaonce and Pecten peraonatua. 

Oppel. Zone of Amm, Murctiiaona, 
a*Opalinus Clays. Dark clays with Amm, {Harpoceraa) opalinua 
(XLIY. 1). At the base, zones with Amm, tomlaaua and A. opalinua^ Nucula 
Hammeri, etc. ; in the middle, limestones with Lucina plana, Aatarte opalina, 
Penlacrinua opalinua \ at the top, Trigonia navia (XLIY. 2} and Amm. 
opalinua in calcareous nodules. 

Oppel. 2. Zone of Trigonia navia. 
1, „ „ Amm. toruloaus. 

In Franconia, the Middle Jura is almost exactly like that of 
Swabia. 
In Lorraine and Luxemburg, Steinmann and Van Werweke 

classify as follows : — ^ 

Upper Dogger. 

b, Bathian. 
8. Clays and marly limestones with Oalrea Knorri and Bkynchonella 
varians. 

a, Yesullian.* 

7. Marl oolite of Gravelotte with Amm. Parkinaoni, 
6. Oolitic limestone of Jaumont. 
5. Marl of Longwy. 

' See also Branco, '* Der untere Dogger Deutsch-Lothringens '^ (1879). 
• " Neues Jahrb." (1880), ii. p. 251, 867. 
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Middle Dogger. 

4. Limestones, rich in corals, with Amm, Humpkriesiantu, 

3. Sand marls with Amm, Scwerbyi. 

Lower Dogger! 

2. Argillaceous sandy beds with Trigonia navu and Amm, Murchisonce. 

1. Clayey heds with Astarte Voltzi and Amm. striatulus. 

Of these 1 and 2=o— j8 of Quenstedt, 8=7, 4=3, 5-7=lower part of e, 8= 
middle part of e. 

In the North-west of Germany, v. Seebach distinguishes the 
following subdivisions of the Dogger : — 

8. OrncUus clays. 

7. Macrocaphalua beds. 

6. Solid ferruginous limestone beds with Monotis (Paeudo-monotis) echinata 
.<XLVI. 1). (Also called Combrash.) 

5. Beds with Oalrea Knorri, 

4. Parkin9oni beds. 

8. CoraiuUua beds. 

2. Beds with Inoceramus polyplocut, 
1. „ „ Amm, opalinui, 

V. Seebach^s l=Quenstedt^s a. The beds equivalent with the S. German 
MurchiaoncB beds are not developed as such in the Weser i^nge. Cephalo- 
poda are here almost entirely absent, so that v. Seebach was forced to 
make an Inoceramus the type form. Seebach^s 2=^+7 ; 8=8; A=Parkin8on% 
zone (lower €); 5 +6= Bath (middle c); 7=Macrocephcdus zone (Upper e); 
and 8=^. The two last series are placed by Seebach as by Oppel, in the 
Upper Jura. 

In Eastern Germany, as already remarked, the Lias and the 
lower part of the Middle Jura are absent. In Silesia the lowest 
Jurassic beds belong to the Parkinsoni horizon. On the Baltic 
alsOj near Kammin, etc., the oldest Jura beds which come to the 
surface belong to the zone of Ostrea Knorri (the English Bath 
Oolite).! 

In England the Middle Jurassic (Lower Oolite) is variously 
developed in different parts of the country. Its upper boundary 
is most naturally drawn below the KeUaways Bock or Oallovian, 
t.e. below the zone of Amm, macrocepJialus. 

In the South-west of England the series is divided as fol- 
lows : — 

Great Oolite Series. 

Cornbrash. Earthy or rubbly limestones, sometimes shelly, sometimes 
marly. Numerous fossils, including Terehratula lagetuUU, 

* A deep boring near Kammin has proved the presence of coal-bearing 
Lower Lias quite like that of Bomholm and Scania ; but the higher beds of 
the Lias are absent, and also the whole of the lower part of the Dogger. 
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Forest Marble aud Bradford Clay. Clay, shale, sand, and flaggy^, 
shelly and oolitic limestones; variable. Ostrea Sawerbf/iy Pecten vagcttUj. 
Rhytichonella variana^ etc. The Bradford Clay at the base, contains Tere- 
hreUula digona and T, coarctaia. 

Great or Bath Oolite. Shelly limestones and fine-grained oolites, with 
partings of sandy marl. Gasteropods very abundant {Neritwea, etc.), also- 
bivalves and corals. Mhynchaneila concinnaj Terebratul^t digona, etc. The 
Stonesfield Slate with its mammalian remains occurs at the base of this- 
stage. 

FuUer^s Earth. Grey clay and marl with nodules of earthy lime- 
stone. Ostrea <icum%nata, Terebratula omithocephala, Rhynchondla oarians. 

Inferior Oolite Series. 
Inferior Oolite. Brownish oolitic limestone with layers of sand and 
marl. Divided into four zones : — 

Zone of Amm, ParHmtoni. 
„ „ Amm. Humphriesianus, 
„ „ Amm, Sotoerbyi. 
„ „ Amm. Murchiaotiae, 

Midford Sands.' Micaceous yellow sands, occasionally calcareous^ 
capped by brown marly limestone. The latter is the zone of Amm, opalinu9 
and according to the classification adopted here should be referred to the 
Middle Jurassic ; while the former is the Amm.jurewns zone and belongs- 
to the Lias. 

The Gornbrash forms a constant horizon almost throughout 
England : but the other deposits vary. The limestones are more 
or less local and thin out irregularly. Passing towards the north- 
east the whole becomes more sandy. In Northamptonshire th& 
Inferior Oolite Series is represented by the Northampton sands- 
In Lincolnshire the beds are grouped as follows : — 

GornbrcLBh. 

Great Oolite Clay. 

Great Oolite Limestone. 

Upper Estuarine Series. 

Lincolnshire Limestone. 

CoUyweston Slate. 

__ ^, ^ « . r Lower Estuarine Series. 

Northampton Sands. (Ferruginous beds. 

The Northampton Sands consist of beds of ferruginous sand, with* 
ironstone at the base; and near Northampton they include the 
zones of Amm, Murchisonoi and Amm, opalinus. The CoUy- 
weston Slate and Lincolnshire Limestone are by no means univer- 
sally found in the Midlands. They form the Amm. Sowerbyi zone. 

* This term is objected to by Buckman {Quari, Journ, Geol, Soc., xlv. 
p. 440) on the ground that it has been applied to sands not all on the same 
horizon. 
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The Upper Estuarine Series consists of clays, marls, etc., and often 
rests directly on the Lower Estuarine. 

In Yorkshire the whole of the Lower Oolite has become an 
•estuarine series, divided up by beds of limestone, and is grouped as 
follows : — 

Ck>mhra8h. Probably lies at a lower horizon than that of the sonth, 
4uid represents the Great Oolite Series in part. 
' Upper Estuarine Series. 
Scarborough or Grey Limestone Series. Amm. Mumpkriesianus, 

etc. 
Middle Estuarine Series. 
Millepore limestone and grit. Cricopora straminea (=Amm, Sowerbyi 

zone). 
Lower Estuarine Series. 

^gg^> Ferruginous sandstone and sandy ironstone {=Amm, 
Murchieona zone). Contains Nerifuea cingenda^ Terebrattda 
submaxUUUa^ etc. 

In France the Middle Jurassic or Lower Oolite is divided 
into two series, the Bajocien (named from Bayeux, near Caen) 
and Bathonien. In Normandy we have — 

Bathonien. = Great Oolite Series. 

Bradfordien. "Oolithe miliaire" below, with few fossils; Bryo- 
zoa limestone above, with TerehreUida digonoy etc. 

Vesulien. Two facies: the marly limestone of Port-en*Bessin, 
and the limestone of Caen. 

Bajocien. = Inferior Oolite Series. 

White oolite with Amm, Parkinsoni^ and other fossils in abun- 
dance. 

Ferruginous oolite. Amm, Parkituoni, A, Humphrieaianus, A. 
Sowerhyiy BeUmnilea gtganieua, etc. 
Limestone with Lima heteromorpha=7sojie of Amm, MurchUonoe, 

Proceeding eastwards along the circle of Jurassic rocks ; in the 
French Ardennes the Bajocien consists at the base of marly lime- 
stone, above of limestone with Amm, Blagdeni ; the Bathonian is 
fully developed as a series of limestones. In Burgundy the 
Bajocien is mainly formed of the '' calcaire k entroques " (a crinoidal 
limestone) with Amm, Parkinsonij etc. ; and the Bathonian (C6te 
d'Or) consists chiefly of limestones and marls. 

3. The Upper or White Jura (Malm), 

The Upper division of the Jura in Central Europe is composed 
mainly of thick, pale-coloured, often oolitic limestones. Shallow- 
water and coast formations occur at many places, especially in the 
Coral Bag, along with deep-sea deposits, and hence the palseonto- 
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logical character of the Upper Jurassic limestones commoDly 
changes much more frequently and more considerably than that 
of the older Jurassic deposits of Central Europe. In the deposits, 
formed in the deep sea, ammonites, and not uncommonly sponges 
also, play the chief part; in the intercalated shallow-sea de- 
posits sometimes reef-building corals, crinoids, and sea lu'chins 
predominate, sometimes thick-shelled bivalves and gasteropoda. 
The famous Lithographic Limestones of Solenhofen and Pappen- 
heim in Franconia, and of Oirin, in the S.E. of France, are 
peculiar formations evidently laid down in a deep quiet arm of 
the sea. They are very fine and evenly grained, platy to schistose 
limestones, which contain an abundance of various Crustacea^ 
stalkless crinoids, worms, and naked pen-bearing cephalopods, a 
few Ammonites and Belemnites, as well as remains of terres- 
trial saurians, birds and insects, in part in an unsurpassably fine 
state of preservation. Among other peculiar deposits, most- 
common at the [uppermost limit of the Jura, are the brackish 
formations containing fresh-water along with marine bivalves. 

For the various groups of the Upper Jura still more than for 
those of the older Juradsic, the English names are used. It wa» 
formerly usual to distinguish from below upwards, Oxfordian^ 
Coral Rag (Corallien), Kimeridge, Portland, and Purbeck. Since, 
however, Oppel, Mosch, and especially Waagen/ have shown 
that the Upper Jurassic coral limestones, all of which used to 
be referred to the Coral Rag, occupy very different horizons in 
different regions, many authors have given up the distinction of 
the Corallian as a special group. The Purbeck, a fresh-water 
formation found between the Portland and the Wealden in S. 
England and N.W. Germany, has usually been referred in England 
to the Jurassic. Here, however, on account of its close con- 
nection with the Wealden, we follow Beyrich, Struckmann, and 
others, and place it in the Cretaceous. 

In S. Germany Quenstedt has divided the White Jura also 
into six series (a-{), but more in order to agree with the classi- 
fication of the Brown and Black Jura than because this six- 
fold division is natural. The dark Kellaways clays (Brown ( 
Quenst.) are followed in Swabia by thick, light, loose marls. These 
are the Impresm marls, Quenst.'s a, with Terebratula impressa 

» "Versuch einer allgemeinen Classification der Schichteii des oberen 
Jura " (1865). 
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as the type fossil and with the Transversarius horizon (Amm. 
transversaritts) at the base. Qnenstedt's { on the other hand in- 
chides the Lithographic Limestone and the platy '^Kreb- 
scheerenkalke" (Crab's claw limestones) of Nnsplingen, which is 
its equivalent in Swabia. The compact limestoses-and dolomites 
lying between a and i are divided into four other zones, not 
always easily separated from one another. The chief support 
which they receive, is from the occurrence of large- accumulations 
of sponges at some distance above the upper boundary of a. These 
Sponge and Scyphia limestones were called y, the bedded 
limestones between them and a, p ; the bedded limestones over- 
lying y were called 8 ; and, lastly, the still higher coral lime- 
stones, especially well developed near Nattheim, were designated 
as c. 

In the N.W. of Germany, where the Upper Jurassic forma- 
tions agree rather with those of the Anglo-Parisian area than 
with those of S. Germany, Karl v. Seebnch, Heinr. Credner,* 
and Struckmann ^ classify them, in agreement with tlie English 
grouping, as follows : — 

4. Portland group. 

(h) Eimbeckh&user Plattenkalk. Platy limestoDR \rith Corlmla 
iuflexa^ C. alata and others, Modida fWiodomuB^ Pafudiua^ Cf/rena, etc. 

(a) Oolite limestone and marly clays with Ammonitas gif/as^ 
A. portlamlicm^ and other species. 

8 Kimeridge Limestone. 

(c) Beds with Exogyra virgula (XLIX.3), (a small oyster filling the 
oolitic beds in thousands), Ostrea mHHiformis^ Terebratula siibselia^ etc. 

(b) PterocBras "beds. Pleroceraa Oceani' (XLIX., 1), t'l/prina 
Brongniarli, PhoUtdomga multicoateUa, etc. 

(a) Nerineea beds. Including the zone of TerebrtUula humeral U. 

2. Coral Oolite (Corallian). Coral-bearing limestones divided into— 

(b) Beds with Nerincea visurgis. 
(o) „ „ Oatrea rattdlaris, 

1. Oxford Group. =Her8amer beds of Seebach. Dark, calcareous sandy 
beds, with Amm, perarmatu9 (XLVII. 2), A, cordatus (XLVI. 9), etc., 
Grgj^taa dUatata^ etc. 

(The Ornattts and Macrocepfialus beds are referred in Germany to the 
Middle Jurassic] 

The classification of the Upper Jurassics adopted in Germany 

' " Ueber d. Glieder. d. ober Juraform. u. d. Wealdbildung i. nordwestl. 
Deutschl." (1863). 

• "Der obere Jura der TTmgegend von Hannover" (1878); txUo Zeita, d, 
deutacli, ged. Get. (1887), p. 82. 
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(as given above) and in France, originally came from England, 
where we get the following succession : — 

Portland Beds. Sands, marls, oalcareoos sandstone (Portland Sand) 
below; white shelly and oolitic limestone with nodules of chert 
(Portland Stone) above. Amm. giga9^ A, biplex^ A. boUmiensU ; Trigonia 
gtbbota^ Cerithium portlandicumj etc. 

' Kimeridge Clay. Dark bloish-grey clay, containing crjrstals of 
selenite, septaria, etc. 

Coral llan. Very variable; calcareous sandstones, coral rags, and 
coralline oolite, all of which are frequently replaced by clay. Th<^ 
lower beds contain Gryphcea dilatala^ and pass down into the Oxford 
clay; the upper contain Ostrea deltoidea^ and pass up into the 
Kimeridge. 

Oxford Clay. Dark blue or yellowish clay; frequently with 
selenite, septaria, and iron pyrites. Brown calcareous sandstone 
(Kellaways Bock) forms the base in many places. 

The Oxford Clay is tolerably nniform in character through- 
out the country; but the Kellaways Bock at its base is 
variable, and is found chiefly in Berkshire, Wiltshire, and in 
Yorkshire and Lincolnshire, etc. Elsewhere it is commonly 
replaced by clay, undistinguishable from the Oxford Clay. The 
whole group is divided into three 7X)nes : — 

Cordatus beds. Anxm. cardatus, A. Lamheriiy etc. 
Omatus beds. Amm, ornatus, A, JcuoHj etc. 

Macrocephalus beds (Kellaways Bock). Amm. macrocephalus^ A. 
CcUloviefuis, A. Koenigi^ etc. ; Orgphosa bUcbala^ etc. 

The Corallian group is the most variable of the whole 
series. In Yorkshire, where it is best developed, Blake and 
Hudleston divide it into : — 



Zone of 
Amm. plicatilis. 



Upper Calcareous Grit (Supracoralline). 
Coral Bag. Sub-2»ne of Cidaris jhrigemma. 
Coralline Oolite. 
^Middle Calcareous Grit. 

Zone of JLower Limestone. 

Amm. perarmatus.\ Lower Calcareous Grit. 

It contains numerous fossils ; and, among these, corals {Thecos- 
viilia annvlaris, Thamnastrcea arachnoides^ T. concinna, 
Isagtrcea, Stylina, etc.) are especially important and frequently 
form reefs. But the calcareous form of the deposit is local, and is 
chiefly found in Yorkshire; in Wiltshire and Dorsetshire; and, 
imperfectly, in Cambridgeshire, etc. Elsewhere the Kimeridge and 
Oxford Clays seem to be in contact, which probably means that 
the Corallian is represented by portions of these clays. Thus it 
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has been shown that the Ampthill Clay of Cambridgeshire, which 
has been mapped as Oxfordian, is the equivalent of the Corallian.^ 
The Kimeridge Clay is fairly constant in Uthological 
character ; but palseontologically it varies considerably. Exogyra 
virgula, which gives its name to the Upper division abroad, is 
found in England throughout the series, except the uppermost 
part; though locally it forms banks in the Upper division. 
Blake recognises the Virgulian and Astartiaii of the Continent, 
but has not found the intervening Pterocerian definitely repre- 
sented in England. In Dorsetshire he divides the group into : — 

Upper Kimeridge. Lucina mitm$cula^ L, lineata, Diacina latissimaj 

Amm, hiplex. 
Lower Kimeridge. Hht/hchondla incotutans, Astarte supracorallina, 

Exoffyra virgula. Passage beds at base with Ostrea ddtoidea^ etc. 

In Cambridgeshire, T. Roberts distinguishes five zones : — 

Zone of Discitia laiiasima. 
„ Exogyra virgtila, 
,, Ammonites alternatu. 
„ Astarte supracorallina. 
„ Ostrea deltoidea. 

It is in the Kimeridge Clay that the great saurians of the Oolites 
are principally found {Cetosatincs, Pterodactylus, I^esiosauruSy 
Ichthyosaurus^ etc.) ; and fishes also are not uncommon. 

The Portland group as developed at Portland does not 
extend further north than the neighbourhood of Leighton Buzzard 
(Beds.) ; and even in Buckinghamshire the Sands appear to have 
thinned out. In the central part of the oolitic band the group 
is entirely unknown ; but towards the north it appears to be re- 
presented by a part of the Beleinnites l<iteraUs division of the Spee- 
ton Clay in Yorkshire.^ A serpulite bed with Serpula gordialis^ 
at Portland, is worthy of notice. 

The succeeding Purbeck group is usually referred to the 
Oolites, but is here described with the Lower Cretaceous. 

The Upper Jurassic rocks of the Parisian basin closely 
resemble those of England, and they are classified in nearly the 
same way. In Normandy the Oxford Clay is some 300 feet 
thick, and is characterized by the same fossils as in England. 
It is succeeded by the Coral Rag (of Trouville), which consists 

* T. Roberts. " The Jurassic rocks of the neighbourhood of Cambridge,'* 
1892. 

* See footnote on page 291. 
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of oolites and marls, and contains the characteristic Cidaris 
florigemma and other English forms. The Kimeridgien is divided 
into Seqnanien, Pterocerien, and Virgnlien, which consist of 
marls, clays and siliceous limestones. 

On the north-east side of the basin the same beds are well 
developed, and the general succession is as follows : — 

Portlandien. 

Calcareous sandstones and oolites. Trigonia t/ibbota, etc. 
Kimeridgien. 

BolonieD. Amm. gigaa, A. sHpraJurensis, etc. 

Virgulien. EoMgi/ra virgula, etc 

Pterocerien. Passes into compact limestone towards the south. 
Plerocer<u oceanic Waldlieimia humeralis, etc. 

Sequanien (Astartien). Chiefly oolitic in the east of France; 
chalky in Burgundy. AttaHe minima^ Diceras arietinum, etc. 
Coral lien. 

Coral reefs, etc., 400 feet thick in the Ardennes, thinning towards 
the south. Cidarit florigemma, ThecosniUia, and other corals, etc. A 
lower zone with Glgpticua hieroglgphicuB ; and an upper with Dicerat 
arietinum* 
Oxford ien. 

Oxfordien proper. In the Ardennes consists of clays with soft 
sandstones ; further nortli is more calcareous, and contains bands of 
oolitic iron ore. Amm. cordatus, A. macroceplialus, OrgpJiaa dHataiay 
etc. 

Callovien. Clays, limestone, sometimes with iix^n ore. Not always 
easy to separate from the Oxfordien. 

II. The Alpine Jura. 

The diiFerence between the Alpine and extra-Alpine Trias is 
repeated in the Jurassic deposits, though not quite so strikingly. 
From a palseontological point of view this difference, according 
to Neumayr, is due chiefly to the great development of the 
Ammonite genera, PkyJloceras, LytoccraSj Haploceras^ and 
JSimoceras throughout the Alpine area. These genera are found 
in great abundance in all the Ammonite beds of the Alps quite 
independently of their facies, while in Central Europe they are 
represented by only a few scattered species. 

There are also great differences in the mode of development of 
the rocks in the Alpine and extra-Alpine areas. Thus the red 
Ammonite -bearing marbles, which are very like the Triassic 
Hallstatt limestone, are quite unknown outside the Alpine region, 
but are found at various horizons in the Alpine Jura. This form 
of development is well named the Adneth Facies after one of 
its chief occurrences in the Lias of Adneth not far from Salzburg. 
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Another peculiar Alpine form of deposit is the so-called Hierlatz 
Fades (after the Hierlatz Mts. in the Salzkammergut). This is 
i'ormed by thick white or reddish limestones often accompanied 
by breccias, and it often includes extraordinary masses of Bi*achio- 
pod and Crinoid remains. A third remarkable facies is known as 
the Aptychns Shales. These are very uniform, thin-bedded, 
^rey or variegated calcareous shales, which include hardly any 
fossils but the well known two-valvod bodies (supposed to be 
organs of Ammonites) known as Aptychus (XLVIII. 4) ; and they 
often represent the whole of the upper half of the Jura together 
with the Lower Cretaceous. 

The classification of the Alpine Jura in general agrees very 
well with that of Central Europe ; in the Lias and Lower Oolite 
especially, the succession of the zones is quite the same as in 
Germany and England. It must, however, be mentioned, that in 
the Middle and Upper Jura there are everywhere great gaps in 
the succession. Thus it happens that except a few universally 
distributed zones, the most are known only at a few, or, it may be, 
only at one solitary point. 

The Lias is well developed throughout the greater part of 
the Alpine region. It occurs especially as red Ammonite lime- 
stone with Arietites, .^oceras, AmdUheus^ etc. The so called 
rieckenmergel, grey spotted platy marly limestones with 
numerous included Ammonites, are also very widely spread. 
The Lower and Middle Lias are also represented in many places 
by the Hierlatz Limestone. Lastly, there is a sandy and 
marly coastal formation known as the Oresten beds,^ which 
are locally coal-bearing (especially at Funfkirchen in Hungary). 

The Middle Jura in the Alpine area is very badly developed 
and is very poor in fossils. To the zone of Amm, Murchisonce 
belong the fossiliferous oolitic Grarda limestones (chief locality 
Cap San Vigilio in the Garda See) ;' the Bath series is represented 
by the Klaus beds with the wide-spread Posidonomya alpina ; 
and the brachiopod-bearing Vils Limestone (of Vils near 
Fiissen) is to be considered as a representative of the Kellaways 
Rock. 



^ Neuxnayr, " Zur Kenntniss d. Fauna d. unterst. Lias in d. Nordalpen. 
Abb. d. geol. Iteicbs." (1879;. Botbpletz, ^ Monograp. der Vilser Alpen. 
Paleeontograpbica.^' (1886). 

« Vaiek, "Die Fauna der Oolithe von Cap S. Vigilio. Abh. d. geol. 
Beicbflanst." (1886). 
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The lower part of the Upper Jura also is poorly represented 
in the Alps. It is only the later deposits that in the North, and still 
more in the South Alps, attain a great development. They occur 
mostly as Ammonite and Aptychus limestones, but sometimes 
also as Coral reefs or in still other forms. In the S. Tyrolesfr 
and Venetian Alps these have been made sufficiently known by 
the works of Benecke, who was the first to distinguish here at th& 
base of the limestone in question an almost universally developed 
Horizon with Amm. (Aspidoceras) acanthicvs] and as many 
of the species are identical with forms from the Central European 
zone of Amiiu (Oppelid) tenuilobatus (XL VIII. 1), he correlates it 
with the Kimeridge.^ This group, which has since been traced over 
large areas from the Tatra and the Balkans to Sicily and Algeria, 
is followed by white or reddish marble limestones, also of very 
great horizontal extent, which are distinguished by numerous 
Ammonites {A. ptychoicuSy A. litJiographicus, etc.), and the 
peculiar perforated Terebratula diphya (XLIX. 5). It is these 
Diphya Limestones and also the Ammonite and Nerinea- 
bearing Stramberg Limestones (the organic contents of 
which have been described by Zittel),^ which together form the 
Tithonian of Oppel.^ This is an unbroken succession of am- 
monite-bearing deposits which imperceptibly lead from the Upper 
Jura into the Lower Cretaceous, and completely bridge over the 
sharp boundary that exists between the two formations in Central 
Europe. The Tithonian rocks are now correlated with the 
Lithographic Limestone of S. Grermany (with which they have 
Ainmonites lifhogrnphicus and A. sferaspis in common) together 
with the Portland, and are divided into two series, namely, a lower, 
the Diphya Limestone with Tercbr. diphya^ Amm. lithographiaiSy 
A, cyclotiis, etc. ; and an upper, the Stramberg Limestone with 
Ainui. transitorius, Tereb7\ janitor, Diceras Luci, etc. The last- 
named beds, best developed at Stramberg and in the Porte de 
France near Grenoble, contain about a dozen species in common 
with the Cretaceous. 

* Beneckf*, •* Trias u. Jura in der Sadalpen." (1866). See also Neumayr, 
''Die Fauna Jer Schichten mit Aspidoceras acanthicuvi. Abh. d. geol. 
Beiclisanst." (1873). Fa^TC, " Monogr. d. 1. Zone a Ammonites acanthicus 
des Alpes suisses. Abh, d. schweiz. pal. Ges." (1877). — C. Mosch, "Der 
Jura in den Alpen der Ostschweiz." (1872). 

« " Cephalopoden und Gasteropoden der Stramberger Schichten. MittheiL 
a. d. Museum d. bayer. SUates." (1868, 1873). « Fauna der alteren 
Tithonbildungen." Ibid. (1870). 

^ Zeits. d. deutscJt. geci. Ges. (1865), p. 535. 
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III. The Russian Jura. 

After L. v. Buch in 1840 had described from the region of 
Moscow the first Russian Jurassic fossils, this formation was very 
•soon shown by the works of Miirchison^ and Count Keyserling ^ 
to occupy a very large area in the central and northern parts of 
European Russia. As already remarked, the Lias and all the 
lower beds of the Middle Jura are absent throughout this region. 
The oldest known Jurassic deposits belong to the zone of Amm, 
^nacrocephfUus^ or, locally, to the Ornatus clays. While, however, 
tliofio beds, as well as the succeeding representatives of the 
Oxford Clay (with Ammonites [Cardioceras] cordattis and A. 
•alternans) still show a great resemblance in fauna to the 
■equivalent deposits of Central Europe, the agreement becomes 
•less and less in the higher beds, so that it was not till recently 
that the exact correlation of the latest Russian Jurassic deposits 
Avns made clear. According to Nikitin and Pavlow, to whom we 
owe this correlation, the Oxford beds are succeeded by Ammonite 
i)3ds in which, near Sslmbirsk (on the Lower Volga), the character- 
istic Kimeridge fosssils, Amvi, evdoxus and Exogyra virgula^ have 
been found. These are succeeded by the Volga beds of Nikitin. 
■The lower part of these, the so-called Virgatus beds, are charac- 
terized especially by Amm, (Perisphinctes) virgatus (XLIX. 8), a 
form with very peculiar fasciculate ribs, and by various species 
of the genus AiiceUa (A. Pallasi^ A. mosquensis [XLIX. 4], etc.) 
I'omarkablo on accoimt of the great inequality of its two valves. 
In the Upper Volga beds also, which contain numerous peculiar 
Ammonites and Belemnites, the large number of species of 
AuccUd {A, Fischerianaj etc.) is striking. Since the two Russian 
palaeontologists have proved the occurrence of various character- 
istic species of the Volga beds (Amm. catentdatus^ Bclcvin, 
lateralis Phill. = corptdentus Nikit., Aticella PaUa^i^ etc.) in the 
English Portland, the whole of the Ijower and a part also of the 
Upper Volga beds must correspond with that division of the 
English Jura, whilst the overlying part of the Volga beds 
corresponds with the Neocomian.*^ 

According to Neumayi* the palseontological peculiarities of the 

* MurchiHon, de Verneuil u. Keyserling, *^ Russia and the Ural 
:VIouTitain8" (1845). 

* '• Wissenchafti. Bpobacht. auf oiner Beise in das Pet«choraland " (1848). 
^ The Upper Volga beds are held to he the equivalent of the Belemnites 

lateralis zone of the Speeton Clay. . (See footnote, p. 291.) 
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Russian Jura cjonsist in the rarity of the Ammonite genera 
PhyUoceras, Lijtoceras, Ilaploceras, and Simoceras, 80 abundant in 
the Alpine ai^ea, and the complete absence of canaliculate Belemnites 
and reef-building corals ; further in the sparing occurrence of the 
{orms Oppelia and AspidoccrciSj and on the other hand* the very 
great development of the Ammonite-like Cardiocci'os, the group of 
Belemnites excentricus and absolvtv^, and more than all of the 
bivalve Aucella, 

The extraoixiinarily wide distribution of Jurassic formations of 
the Russian type throughout the northern parts of Europe, Asia, 
and North America is very remarkable. Similar Jurassic rocks, 
especially recognisable by the abundance of AuceUa, are found in 
Novaja Semlja, Spitzbergen, throughout Siberia, Kamtschatka, 
the Aleutian Islands, and Alaska, in Dakota in the United States, 
on Patrick's Island in the Arctic Archipelago of North America ; 
and on the East Coast of Greenland. 

CLIMATIC ZONES OF JURASSIC TIMES, 

That Jurassic rocks of the Central Russian type are developed 
all round the North Pole, is a point of great importance ; and its 
significance is increased by the fact that the two other facies 
which have been described in the preceding pages, namely the 
Central European and the Alpine, are similarly widely distributed. 
The Central European facies includes the Jurassic deposits of 
England, of N. W. Spain and Portugal, the whole of extra- 
Alpine France and Germany, the parts of Hungary and Russian 
Poland that lie north of the Alps and the Carpathians, the north 
border of the Caucasus, and, after a great break, the Jurassic 
rocks known in Japan and California. In the Alpine facies 
are included not only the Jurassic beds of the Alpine and 
Carpathian areas, of Italy, the Iberian and Balkan peninsulas, 
but also all that is known of the Jura in the Crimea, in the 
Inner Caucasus, Asia Minor and Further India, Central Africa 
(Mombasa) and Madagascar, and in Mexico, Guatemala, Peru, 
etc. All three facies, as will be seen if we cast a glance at their 
distribution, occupy wide belts passing round the whole earth in 
the direction of the parallels of latitude. The zone of the Alpine 
facies reaches from some 30^ north to the same number of 
degrees south latitude, and has a breadth of fully 60^. Since 
there were in the Jurassic period three such zones, following on 
ono another from north to south, and reaching round the whole 
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earth, and since each of these zones possessed its own type of 
fauna, Nenmayr's conclusion follows — that these three homo-ozoic 
zones are due to the development of climatic differences ; or, iu 
other words, that each of the three zones coincides very nearly 
with a climatic zone. The absence of reef-building corals during 
these early times, in the whole of the Northern or Boreal zone, is 
in this connection an important hint, inasmuch as all the reef- 
building corals of the present day require for their prosperity a 
high tropical temperature. What tells most, however, in favour 
of Neumayr's theory, is the fact that all the Jurassic rocks known 
to the south of the equatorial zone, i.€. beyond 30^ south latitude, 
bear, not the character of the Alpine, but that of the Central 
European zone, or as it is otherwise expressed, the temperate 
Jurassic zone. The Jurassic deposits found hitherto in South 
Australia and New Zealand, and also those in Cape Colony, and 
in Chili, Bolivia, and the Argentine Republic, differ in faima 
entirely from the Alpine or Equatorial type, but recall in a 
striking way the Jurassic development of Swabia, Franconia, and 
England. If Neumayr's views are ' correct, such a zone would in 
fact lie to the south of the Tropical zone, forming a Southern 
Temperate zone ; so that it appears impossible to doubt the cor- 
rectness of Neumayr's views. We must in fact conclude 
t.hat climatic zones had been established on our earth 
in Jurassic times. 

PALAEONTOLOGY OF THE JURASSIC SYSTEM. 

The Jurassic Flora, like the Triassic, consists mainly of 
Cj'cads and Conifers, Ferns and Equisetaceee. Among the Coni- 
fers, Baiera, Armicaria^ Gingko and others are the most abundant ; 
Among the Cycads, 2ki/mit<^8f Podozamites, Dioonites, etc. 

In the uncommonly rich Fauna, sponges are very much 
developed ; in the Upper Jura especially, they often occur as rock- 
builders. Of the LithistidsB we need only mention here the genera 
Cncmidiasfrum (XL VIII. 5), Ilyalotragos and Cylindrophyma ; of 
the Hexactinellidse Treniadictyon and Craticularia. 

Corals also occur in great abundance, especially in the Upper 
Jura. The commonest are the composite reef-building forms (such 
as TJiamnastrcea^ Isctstrcea [XLIX. 7], Latimceandra [XLIX. 6], 
Tfiecosmilia, Calamophyllia^ etc.) which, however, were limited 
to the warmer seas; while of the solitary corals Montlivaltia 
(XL VI. 6) deserves mention. 
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Eichinoderms are very richly developed ; and the sudden increase 
of Echinoids by the side of the hitherto predominant Crinoids is 
remarkable. Among the latter the genus Pentacrinus (XLI. 6) 
(with pentafoliate ornamentation of the stalk joints and an 
•extraordinarily richly branched crown) deserves the first place. 
Next come the genera, especially abundant in the Upper Jura, 
EugenidcnnuSj Apiocrintis (XL VII. 4) and the stalkless Antedon 
'iCom/xtvld), Among the Echinoids the genera Cidaris {C. coronata 
[XLVin. 7], C. florigemma, etc.) Acrosalenia and Hemictdnris 
<XLVII. 6) belonging to the group of Regular Echinoids ; and 
Echinobrisstis (XL VI. 5), Holectypus (XLVIII. 6), CdlyriteSy etc., 
belonging to the Irregular group, are specially important. 

The Brachiopods have decreased in variety ever since Triassic 
times, and only two families are left which are rich in species or 
in individuals, namely the TerebratulidsB (with the chief genera 
Terebratula and Wdldheimia ; also Megerlea [XL VII. 6] in the 
Upper Jura) and the Rhynchonellidss. As the last survivors 
from the PalsBozoic period we find in the Lias still a few 
SpiriferideB {Spiriferina WcUcotti [XLI. 7] and others.) 

The Lamellibranchs are of greater importance. Among the 
Monomyaria the large true Oysters {Ostrea^ OrypTicea, Exogyra) 
for the first time become abundant and often form beds. Seve- 
ral, such as G. arcuata (XLI. 4), Ex. virgtcla, etc. are important 
type forms. Lima (XLI. 3) also and Pccfen as ^well as, among 
the Heteromyaria, AvicvJa, Pseudonionotis (XLVL 2), Aticella 
(XLIX. 4), Posidonomya (XLIII. 6), Gervillia and others are 
very widely spread. Among the Homomyaria Tngonia {T, navis 
IXLIV. 2], T. costata [XLIV. 3], T. clavellata, etc.) is specially 
important ; of the Dimyaria only Astart^: (XLIV. 4), Diceras 
<XLIX. 2), Cyprina and laocardia are represented ; of the Sinu- 
palliata, which are still but sparingly developed, Pholadomya 
<XLIV. 6, 7), Croniomya (XLV. 1), and Pleuromya. 

The Grasteropoda, although richly represented, show few peculi- 
arities. Pleurotomarta (XLII. 6) is especially rich in species. 
In the Upper Jura the turreted genus NeHnea (XLVII. 8), 
characterized by numerous internal spiral folds, plays a prominent 
part. In the Kimeridge of Central Europe the genus Pteivceras^ 
with the type Pt, oceani (XLIX. 1), is important 

Far the most important of the MoUusca are the Cephalopods, 
pnd among them the Ammonites, which everywhere afford the 
most important type and zone fossils. Of the chief . Triassic 
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families of Ammonites only the PhylloceratidsB and Lytocera- 
tidsB with the two type genera Phylloceras (XLIII. 1) ( = Group of 
Ueterophylli, L. v. Buch, with involute shell and very characteristic 
leaf-like widened saddles to the sutures) and Lytoceras (XLII. 2) 
'{=Fimbriati, d^Orhigny, evolute shell with a fimbriate cross stria- 
tion of the shell and large symmetrically divided lateral lobe) 
Teach to the Jura. All the remaining families and genera are new. 
-For the Lias the important genera are Arietites (XLI. 2) ( = 
Arietes, v. Buch, only in the Lower Lias ; more or less evolute, with 
•simple straight ribs not continued to the back ; back with a middle 
keel bordered by two channels), uEgoceras (XLII. 1) {=Capri- 
4:orniy v. B., evolute, with simple ribs flattened on the back), 
AmaltJieus (XLII. 3), {Anialtheij v. B., mostly disc-shaped, tolerably 
^strongly involute, with notched keel), and Harpoceras (XLIII. 2, 3 ; 
XLIV, 1), {FalcifeH^ v. B., flat, high mouthed, keeled shell with 
sickle-shaped ribs or stripes). AmaUhea^ reaches from the Lias 
to the Cretaceous, Harpoceras to the Upper Jura. In the Middle 
Jura the specially important fossils are StepJianoceras (XLV, 3) 
•{ = Coronati^ v. B., thick, broad-backed shell with ribs beginning 
simply but further on forming knobs and then dividing), Macroce- 
phalites (XLVI. 7) ( = Macrocephalij v. B., very thick swollen 
shell), Parkinsonia (XLV. 4), (flat, widely umbilicated shell, ribs 
ending at a smooth groove on the back), Cosmoceras (XLVI. 8) 
( = Oniati,Y.B.^ shell ornamented with knobs and spines). In 
the Upper Jura the chief forms are Perisphinctes (XL VIII. 2, 3 ; 
XLIX. 8) {=Plamdafij v. B., flat, widely umbilicated, slightly 
involute shell with ribs forking beyond the middle of the side), 
Oppelia (XLVIL 3; XL VIII. \){=Flexuo8i, v. B., Denticulati 
Quenst, flat, high-mouthed, strongly involute, mostly very slightly 
;.sculptured, forms), Asp idoceras (KIjVI1.[2) { = Armati, v. B., thick, 
round backed, generally smooth forms with several rows of knobs). 
In comparison with these and the numerous other genera of 
Ammonites neparated in later times, the Nautili are very much 
reduced in number. Unlike many of those of the Trias, the 
Jurassic forms are of normal, rounded, more or less involute 
shape. On the other hand the Belemnites, which are represented 
in the Trias only by a few forms, are richly developed in the Jura. 
The genus Belemnites itself in particular extends through all 
the groups of the system with numerous specie^, which are 
■sometimes very large (reaching a yard in length). Among the 
most important are B. paxillosus (XLII. 4), (Middle Jura) B. 

C. G. T 
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acttariua, B. cl^tvatus (XLII. 6) (Liae), B. giganteus (XLV, 5), B. 
canalictUatus (Middle Jura), B. hasUttua (XLVII, 1) (Upper 
Jara). Lastly the occutTence of naked ink-sac bearing Cephalo- 
poda allied to the Loligidse of the present day, in the Posidonia 
Hhales of the Liaa and in the Lithographic Limestone (Geoteuthis 
[XLIII, 4]) is of great interest. 

The Lithographic Limestone contains a rich Crustacean and 
Insect Fauna. Among the former the long-tailed Decapods 
(PcncBus, ^ger, Eryon, etc.) are richly developed, whilst the 
short-tailed are represented by the small genus Prosopoji and it» 
allies. The Liassic beds of Scharabelen in Switzerland and 
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Dobbertin in Mecklenbnrg are important localities for insects, 
which were very numerous in Jumwiiic times. 

The Vertebrate fauna is also of great importance. Among the 
fishes the heterocercal Ganoids have almost disappeared. Among 
the horaocercal Ganoids the most wide-spread are the remarkable 
rhombic Pycnodonts {Oyrodus, Microdon), and the Lepidoateidte 
(the large Lepidotus [Fig. 36], Dapcdius, the elongated Aspido- 
rhynchiis, striking on account of its very prominent upper jaw). 
Of the Selachii, Hybodus and Acrodtts should be mentioned. The 
Bony Fishes, which appear for the first time in the Trias, show 
in the Jura no great increase. The small herring-like genus 
Leptoiepis (Fig. 37) is referred to this group. 
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The moat important of all the Vertebrates are the Beptiles, 
which were at no time before or afterwards so richly developed as 
in the Jurassic period, which is therefore fitly called the age of 
Reptiles. 

ThePalsBozoic and Triassic Stegocephala, which stand near the 
boundary between Amphibians and Eeptiles, were much reduced. 
On the other hand both the Ichthyosauria and Plesiosanria, 
which had already appeared in the Trias, now reach tbeir highest 
development. The best known and most important genera 
of these large marine saurians (which do not reach beyond the 
Mesozoic period), are Hesiosaui^us and Ichthyosaurus (Figs 39 
and 38). The former is characterized by its remarkable long 
snake-like neck and small head ; the latter by its large pointed 
head, short neck, thick tail, and a ring of bony plates, the sclerotic 
ring, surrounding the eye, Ffesiosaurus reached 30, Ichthyo- 
saurus 40 feet in length. Both were naked ; in both the extremi- 
ties were changed [ into paddles ; and both possessed biconcave 
vertebrse, numerous abdominal ribs, and large conical grooved teeth. 

Another very remarkable order of Saurians limited to the 
Jurassic and Cretaceous is that of the Pterosauria or winged 
saurians. They possessed pneumatic bones like birds, a long neck, 
and, as in birds, a keeled breast-bone, whilst their structure is 
otherwise like that of reptiles. The jaws of the Jurassic forms 
are always toothed, the toes armed with claws. But the chief 
peculiarity of these strange creatures lies in the extreme elonga- 
tion of the outer finger of the front limb. This served for the 
extension of a flying membrane attached behind to the hind foot, 
which may itself be observed in impression in some specially 
well-preserved examples from the Solenhofen limestone — the chief 
locality for these Jurassic winged saurians.^ The two chief 
genera are Pterodactylus with short and pointed tail (Fig. 40) and 
Rhamphorhynchus with a long tail flattened at the end (Fig. 41). 

A further remarkable circumstance is the great development of 
Chelonians, which were still rare in the Trias. These occur in 
tolerable abundance in the Upper Jura of Solothum, Solenhofen, 
and Hanover. Crocodiles also were fairly widely distributed 
and include the Gavial-like genera Mystriosaurus and Teleo- 
saurus, which differ however from the living forms in possessing 
the embryonic character of biconcave vertebrse. 

Lastly, the Dinosaurs were fairly abundant. To this group belong 

I Zittel, " Palseontographica " (1882). 
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the long-necked CompsognatJius of tlie Solenhofen limestone, with 
short anterior and nnusaally loi^ posterior limbs, and a bird-like 



pelvie; also the American Broniosaurus, Atlantosaurus {over 100 
ft. long), and others. It is still uncertain, however, whether 
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tbe l&tter doea not belong to the Cretaceous rather than to the 
Jni'assic. 

The occurrence of the oldest known bird, the genua ArdicBop- 
icryx, in the Solenhofen Limestone is of special interest (Fig. 42). 



W.— Pttreaodltlm fpKluMlw, H. v. Mej-., lomewhat reducod. 




.— RcMorMion of Uamphorhyncliut vtivl'urui, Uonh. Rednciid (Biter llanh\ 
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As the examplea hitherto discovered show,* this creature may be 
spoken of as a trae bird ; the feathers, the closed skull and the 



BpecimSD in lbs Berlin MnHam, about Ird nUural ii». 

' Oni> ia preserved in London, a Eecond, more complete, in the Berlin 
useum. The latter haa been made the subject of a monograph by W. 
imes (Damea u. Kajaer, " PaUiontol. Abhandl.," 1884). 
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Structure of the foot are sufficient proof of this. The biconcave 
-vertebrse, however, the sclerotic ring of the eye, the teeth, the long 
lizaixi-like tail, the very thin ribs pointed at the end, the presence 
of 12-13 pairs of abdominal ribs, the three free claw-bearing fingers 
of the anterior limb, etc., are characters which are partly of an 
embryonic nature, partly characteristic of reptiles, so that this 
remarkable animal bridges over in great measure the large gap 
existing at present between birds and reptiles. 

Finally, the Jurassic mammals, like those of the Trias, all 
belong to the Pantotheria, and their remains have been found in 
the English Jura (Stonesfield Slate). 



C. CRETACEOUS SYSTEM. 
GENERAL AND HISTORICAL. 

The Chalk or Cretaceous System, the youngest of the three 
j^reat Mesozoic systems, is widely spread over the whole earth ; but 
is very differently formed in different areas. The name origi- 
nated in England where, as also in N. France and in the Baltic 
area, the white writing chalk plays an important part in the 
upper division of the system. Even in these regions, however, 
various other calcareous, clayey and sandy deposits take part 
in the constitution of the system ; and in other regions, such as 
Saxony and Bohemia, the Alps, etc., the white chalk is entirely 
absent, so that the term Chalk, which has become naturalised 
among the geologists of all countries, is by no means happily 
chosen for the System in question. 

Like the Jura the Cretaceous was first accurately described in 
England. W. Smith and his immediate successors there dis- 
tinguished (about the year 1820) a lower glauconitic sandy series, 
the Greensand, from the true chalk and its accompanying marls, 
the Chalk, and also separated a clayey formation interbedded in 
the Greensand, as the Gault. The upper part of the Oreensand 
lying on this was called the Upper, that found below, the Lower 
Greensand. Lastly, even at that time the name Wealden beds was 
applied to a thick, fresh-water formation which was however 
<ieveloped only in the S. of England. 

The Cretaceous System is developed very characteristically in 
France, where it occurs both in the north and south of the 
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country, very dififerently constituted in the two areas. It wa» 
first comprehensively studied by d'Orbigny.^ He originally 
distinguished (towards the beginning of the fifth decade of this- 
century) in the Lower division of the system three groups, — 
namely, the] Neocomian, the Aptian, and the Albian ; and in th& 
Upper division, four groups, — the Cenomanian, Turonian, Senonian 
and Danian. Later (1850) he added the Urgonian, to include bods- 
which he had formerly classified as Upper Neocomian ; so that 
now each of the two main divisions of the Cretaceous was divided 
into four groups. 

In Germany single groups of the Cretaceous System, such aa 
the Quader Sandstone, the PlUnerkalk, and the Hils, have long 
been distinguished by special names ; but owing to the changes, 
of facies proper to the North Grerman Cretaceous and the generally 
imperfect character of the exposures, it is only recently that we 
have attained to a correct comprehension and classification of 
these deposits. 

Among the first who occupied themselves with the detailed 
study of the Cretaceous in Germany and described its fossils, were 
H. Br. Geinitz,- F. A. Romer,* and Reuss.* 

The so-called Walderthongebirge of N.W. Germany, a brackish 
and fresh-water formation corresponding with the English 
Wealden,^ lying at the base of the Cretaceous, found about 
the same time an exponent in W. Dunker.® The further exami- 
nation of the N. German rocks has been carried out \ by 
Beyrich, Ewald, F. Romer, v. Strombeck, Heinr. Credner and 
others, and in the most recent times by Schltiter. In general the 
classification adopted in Germany is that of d'Orbigny, with,, 
however, the difference that the term Neocomian is used in 
d'Orbigny's older and wider sense, and that instead of the 
names Aptian and Albian, the term Gault is employed in a wider 
sense than in England, and that the Danian is united with the 
Senonian. Thus we get the following general classification o£ 
the Cretaceous in England, France and Germany. 

^ " Pal^ontologie fran^aise. Terrain cretac6 " (1840-46). 

- ** Gharacteristik d. Schichten und Peti*efacten d. Sachs. Bohm. Kreidege-^ 
hirges" (1889-4fS). "Das Quadei'sandstoingebirge oder Kreidegebirge in 
Deutschland " (1849-o0). 

* " Die Versteinerungen d. norddeutscli. Kreidegebirges " (1840-41). 

* " Die Versteinerungen d. bOhm. Kreideform." (1845-46). 

* See note on p. 287. 

* " Monof^raphie der norddeutschen Wealdenbildung *' (1846). 



C— CRETACEOUS SYSTEM. 



28) 



England. 



Franco. 



Germany. 



/ Upper. 

^^^ ] Middle. 

( Lower. 'i 

Upper Greensand./ 



Gault. 

Lower Greensand. 

Wealden. 



Banien. 

Senonien. 
Turonien. 

Cenonamien. 



S^non. 

Turon. 
Cenoman. 






Albien. 

Aptien. 

!Neocomien. 



Neocom. 



Gault. 
1 Hils and 



/ Wealden. 



CO 

^ I 

O 



In England the above groxiping is still followed. In Franc© 
and Switzerland, *on the other hand, the classification of the Cre- 
taceous has been made much more detailed since d'Orbigny's time* 
However, the various French authors agree but little in the group- 
ing and many have retained the old classification to the present 
daj'. In Germany a palseontological division into zones has be- 
come usual by the side of d'Orbigny's classification.. This was 
first made by the work of v. Strombeck, and has been more 
strictly established for the Upper Cretaceous by Schlttter.^ Similar 
attempts have been made within the last ten years in France, 
Switzerland and England, and have shown that Schliiter's classi- 
fication is in the main applicable to other countries; and there is 
no doubt that in time we shall attain to a general classification 
into zones of the chalk formation like that which has long been 
established for the Jurassic. 

The boundary between the Cretaceous and Tertiary beds is very 
sharp throughout Central and Northern Europe. The separation 
from the Jura also is generally very clear. Connected with this 
is the fact that in the greater part of Europe the deepest beds 
found do not reach down to the Lowest Cretaceous or Neocomian^ 
and the system rather begins with younger Neocomian beds lying 
on and overlapping the older deposits. It is only in the Alpine 
area and in a part of N.W. Germany and S. England that there 
is a complete passage from the Jura to the Cretaceous — a passage 
which in the first named region is formed by marine, and in the 
two latter by brackish water deposits, — and here the connection 
between the older and newer formation is so intimate that as yet 



» ZeUa. d. deutscL geoL Ges. (1876), p. 467. 
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there is no universal agreement as to the mutual limits of the 
systems. 

The Cretaceous System is universally divided into a Lower and 
an Upper division. Many geologists consider the two as distinct 
systems and limit the name of Cretaceous to the Upper, while they 
distinguish the Lower as sub-Cretaceous (or infra-Cretaceous). The 
boundary between the two is indistinct only in a few areas in 
England, where the Gault passes up quite gradually into the 
Oreensand. Throughout the rest of Europe the distinction be- 
tween Lower and Upper Cretaceous is very sharp. This is the 
result of a great transgression beginning at the commencement of 
the Upper Cretaceous. The circumstance that this transgression 
is observable not only throughout Europe but also in other quarters 
of the globe, shows that here we have to do with one of the 
greatest changes in the distribution of land and 
water over almost the whole earth, that is known in 
Geological history. Extensive areas which had for long 
periods been continents, were now overflowed by the sea and 
■covered with Cretaceous deposits. As an example of this great 
<3vent we may mention the occurrence of Cenomanian at Essen and 
Namur lying directly on Archsean rocks. In the S.W. of England 
also, on the borders of the French Central Plateau, in Asia Minor, 
Persia, etc., in Hindostan and E. Asia, almost throughout N. 
America,* in Brazil, W. Australia, and E. Afi-ica, the same thing 
may be observed : everywhere in these regions deposits of Upper 
■Cretaceous occur immediately above much older rocks. 

Moreover, this great transgression was by no means sudden ; 
but even in the older Cretaceous periods similar, though slighter, 
fluctuations of the sea took place. Thus a large area of Central 
Europe which during the flrst phase of the Neocomian was still land, 
iind bore the great Anglo-German Wealden lake, was in the 
Middle Neocomian period, changed into a sea bed. This circum- 
litance accounts for the above mentioned absence of the lowest 
nnarinc Neocomian beds in N. France, Germany and England ; 
xind it also determined the overlap, in some areas of England, of the 
Gault over the Lower Greensand on to the region of older rocks. 
In a similar way many movements of the earth took place in post- 
Oenomanian times and caused smaller overlaps, as the occurrence at 
Aix-la-Chapelle and other places of Senonian deposits on much 
older beds, shows. 

Another, not less signiflcant feature of the Cretaceous System, 
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is the striking difference between the Northern and 
Southern facies. The Northern Cretaceous, which in Europe 
includes the whole of N. France, England, extra- Alpine Germany, 
Denmark, S. Scandinavia, and Russia, is distinguished palsBontolo- 
gically by the almost complete absence of the remarkable Lamelli- 
branch families of Caprotina and Rudistes, which attain so 
extraordinary a development in the S. European Cretaceous ; by 
fihe absence of reef -building corals ; by the rarity of the Ammonite 
genera Lytoceras, Phylloceras^ and ITaploceras; by the great 
abundance of Belemnitella and Inocerami, and by other characters. 
The S. European facies on the other hand, which includes the 
whole of the S. European deposits except those of the Alps and 
Carpathians, is marked by the occurrance of RvdUtes and Cap- 
rotina^ by the abundance of the above named genera of Ammon- 
ites, by the so-called Chalk Ceratite (genus Bucliiceraa), by the 
peculiar group of swollen Belemnites (genus Duvalia), by the 
Oasteropod genera ActcsoneUaj Nerineaj and others, by the 
coral genus Cyclolites^ etc. The circumstance that the contrast 
between the Northern and Southern facies of the Chalk is repeated 
in a similar way in N. America, where the Cretaceous of New 
Jersey, Tennessee, Kansas, Dakota and California represents the 
North European formation, and that of Texas and Alabama, of 
Mexico, the West Indies and Columbia (with Rudistes, Actceo- 
neUay BuchiceraSj etc.), the South European ; led B.5mer as far 
back as the middle of the century to consider these differences 
due to differences of climate.^ Since we have seen above that 
climatic zones probably existed in Jurassic times, their re-appear- 
ance in the Cretaceous period can in no way seem strange but 
must rather be expected. 

The lie of the Cretaceous beds, like that of the Jurassic deposits, 
is in general simple and undisturbed throughout Northern and 
Central Europe. Only in a few restricted areas, such as the North 
•of the Harz and in the Teutoburger Wald, do steep dips and 
reversals occur. Similar disturbances in connection with strong 
foldings are repeated over much larger areas in the Cretaceous 
formations of the Alps and other high mountain ranges. Volcanic 
action in the Cretaceous period, as in the Jurassic, was also very 
islight. In Europe eruptions of this period have practically not 
been discovered; on the other hand in India and Chili ex- 

' " Die Kreidebildung von Texas" (1852). 
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tensive basaltic and porphyritic flows of late Cretaceous age are 
known. 

DISTMIBUTIOX AXD DEVELOPMENl OF THE 

CRETACEOUS, 

On account of the independence of the two divisions, as shown 
by their distribution, it seems advisable to describe the Lower 
and Upper Cretaceous apart from one another. It will also be 
necessary to treat of the Northern and Southern facies of the 
System separately. 

1. Lower Cretaceous. 
Lower Cretaceous of Germany^ Northern France^ and England. 

The extent of the Lower Cretaceous in Germany is rather 
limited. It occurs only in the N. of the Harz, in Brunswick and 
Hanover, as far as the north border of the Wesergebirge, and in 
the Teutoburger Wald. In continuation of the latter, older 
Cretaceous rocks rise above the alluvium in the region of Bent- 
heim (not far from the Dutch border). 

In the North of France the Cretaceous formation occupies 
a large part of the plain between the old mountain cores of tho 
Ardennes, the Central Massif, and Brittany. Lying directly on 
the Upper Jurassic, the Cretaceous beds dip gently towards the 
middle of the basin, to be there overlaid by Tertiary deposits. 

The English Cretaceous region is only a continuation of this 
Cretaceous area of Northern France. It occupies, though indeed 
often covered by overlying Tertiary and even younger beds, the whole 
space east of the Jurassic belt already described, which stretches 
in a northerly direction from the Channel to the East Coast of the 
Island ; and the Cretaceous rocks lie upon the youngest beds of this 
belt with a gentle easterly dip. It follows that within this great 
Anglo-Gallic Cretaceous basin the Lower Cretaceous beds must in 
the main be limited to the outer borders. However in the S.E. of 
England, in consequence of an anticlinal here present, a large area 
of Lower Cretaceous crops out in the middle of the basin ; and it is 
just in this part that the peculiar facies of the Wealden is developed 
— a facies which is not elsewhere found of any extent except in the 
N.W. of Germany. Since these brackish and shore deposits, at least 
in their lowest parts, represent the oldest Cretaceous formations 
of Central Europe, they will be first described here. 

Wealden.— The Wealden, or Weald Clay, stretches in Ger- 
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many from Brunswick to Bentheim not far from the Dutch border, 
and is at the same time developed in the Deister, Osterwald, 
Santel, the Backeburg Mountains, and in theTeutoburger Wald.^ 
As the oldest fresh-water formation of so great extent and thick- 
ness, it is of quite special interest. Its fresh- water character is 
quite free from doubt ; in England, Unios, and Paludinas, in 
Oermany, Cyrenas and Melanias fill whole banks. 

In England the marine Portland beds of Portland are followed 
quite conformably by the Purbeck beds, calcareous deposits 
gradually becoming more and more fresh-water in character. 
These are usually included with the Jurassic rocks ; but Topley 
considers that they cannot justly be separated from the Wealden, 
and must therefore be referred to the Cretaceous. They consist of 
an alternating series of limestones, clays, and marls, and, especially 
in the upper parts, contain true fresh-water shells {Unio^ CydaSj 
Cyrena, Pcdudina, Planorbis, Limnced); but they also contain 
marine beds, among which is the "Cinder bed,'* which is made up 
of the shells of Ostrea digtorta. The most striking of the Purbeck 
deposits, however, are the "Dirt-beds," which consist of sand}' 
clay with carbonaceous matter. These are terrestrial soils and (at 
the base of the Middle Purbeck) have yielded many remains of 
marsupial mammals {SpdUMCotheriumj Amphitherium^ FlagiavHaXy 
Stylodon, etc.); and one especiall}'^ is full of the stools and trunks 
of trees (cycads and conifers). 

The succeeding beds form the Wealden Series, as the term 
is usually employed in England. They consist of clays, sands, 
sandstone and shelly limestones, all of which are of lacustrine or 
estuarine origin ; and they are found principally in the Weald of 
Kent, Surrey, and Sussex ; but occur also in Dorsetshire and the 
Isle of Wight. The fossils include plant remains (PecopteriSy 
8phenopteri8j etc.), ostracods (Cypridea Valdensis, etc.), fresh- 
water shells (Cyrena, Unto Valdensis, Palvdinaj etc.), fishes and 
reptiles. The best known of the latter is the Iguanodon (L. 1), 
but MegalosatcruSj Hylaeosaurus, etc., are also found. 

In the Weald they are divided into 

Weald Clay. 

r Tunbridge Wells Sands. 
Hastings Beds -| Wadhurst Clay. 

V Ashdown Sand. 

1 See the Monograph of Dunker already mentioned, and also Stnick- 
mann^s " Die Wealdenbildungen der Umgegend von Hannover " (1880). The 
English Wealden was first made known by Mantell and Fitton (1822-24). 
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The Hastings Beds are generally sandy and with local beds of 
<5lay ; while the Weald Clay is chiefly clay with layers of shelly 
limestone. 

In Lincolnshire (according to Pavlow ^ the Wealden is repre- 
sented by the lower part of the Teal by Clay and the upper part of 
the ferraginons rock of Claxby. In Yorkshire its marine represen- 
tative is the lower portion of the Beleninites jaculum beds of the 
Speeton Clay, 

In Germany the Purbeck is represented by: (1) the MUnder 
Marl, 300-400 ft. thick, a variegated, Keuper-like marl containing 
g3rpsum and salt and very few fossils. (2) The so-called S er pn 1 i t e^ 
a limestone from a few feet to 60 feet thick, penetrated by innumer- 
able winding tubes of a marine Serpula {Serpula cocicervata). 
Besides this it contains only Corlniln inflexa (a form which occurs 
in the Jurassic Plattenkalk of Eimbeckhaus, and is present also in 
the Miinder Marl), Cyreixa^ Melania, and a few other fossils. The 
Hastings Sand^ is represented bytheDeister Sandstone, — a 
pale-coloured sandstone 150 feet thick, which yields a well-known 
building stone. Palseontologically it is interesting on account of the 
Cfieirotherium-like footprints of Iguanodon and allied Dinosaurs, 
and the remains of the skeletons of Iguanodon, Crocodiles and 
Chelonians ; and economically it is important for its valuable coal 
seams (worked particularly in the neighbourhood of Obernkirchen). 
The clays accompanying the coal contain the remains of a rich 
flora described by Schenk,^ which is composed especially of Cycads, 
Conifers, and Ferns, and still shows quite a Jurassic character. 
The coal-bearing beds also contain large ganoid fish (Lepidotus) 
and Iguanodon remains. 

Lastly, the English Weald Clay is represented by the German 
Walderthon, dark grey shales, 70-100 feet thick, with inter- 
bedded limestones which are filled with examples of Cyreiia (L. 6), 
Cydas, Paludina (L. 2), and especially Melania strombiformis 
(L. 3), whilst the clays are full of innumerable shells of Cypris. 

Hence we get the following classification of the German and 
English Wealden : — 

* Pavlow and Lamplugh, " Argiles de Speeton et leurs Equivalents." 
Moscow (1892). 

• Ace. to Pavlow, loc. ciL, the German ** Wealden" represents the uj^r 
part of the English Purbeck ; while the English Wealden corresponds with 
a part of the German ** Hils." 

' **Die fossile Flora der nordwestdeutschen Wealdenformation. Palsdon* 
tographica " (1871). 
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Upper. 


Germany. 

1 

Walderthon. 

1 


> Kugland. 

Weald Clay. 


• 

s 

n 


Middle. 


Deister Sandstone 
(w.coal seams). 


Hastings Sands. 


P- 


Lower. 


Serpulite. 
Milnder Mergel, 


Purbeck. 



As already pointed out, the views concerning the most natural 
classification of the Wealden still differ from one another : v. 
Dechen, Struckmann and others refer it to the Jura ; v. Strombeck, 
Beyrich and others to the Cretaceous. Struckmann argues for his 
views from the great number of species common to the Wealden 
and the uppermost beds of the Jura. Beyrich, however, lays stress 
on the fact that — as was first shown by Strombeck, — wherever the 
Wealden is developed in N. Germany the marine Neocomian, 
begins with newer beds than where no Wealden is present. 
From this it follows directly that the Wealden and the Lower 
Neocomian are equivalent formations ; and this is confirmed by the 
occasional occurrence — observed both in Germany and in Enghind 
— of beds with marine Neocomian fossils in the middle of the 
fresh-water deposits. 

Some authors indeed place the Upper Wealden beds in the 
Cretaceous but leave the Mtinder Marl and Serpulite in the Jura. 
These beds, however, are intimately connected, palaeontologically, 
with the overlying Wealden, and in Germany their distribution 
coincides with that of the latter and not with that of the Jura. 
Pavlow 1 in a recent work correlates the Miinder Marl, Serpulite 
and German " Wealden" with the English Purbeckian ; while he 
places the Weald Clay and Hastings Sands, the Wealden of Eng- 
land, at a higher horizon ( = the greater part of the German Hils.) 

It should be noticed here that a weak development of Purbeck 
deposits (with Corbula inflexa) is found in the neighbourhood of 
Neuchatel, and that similar old Cretaceous fresh-water deposits are 
found in Portugal and the Peruvian Andes. 

Neocomian. — The Neocomian (so called in 1832 by Thur- 
mann, after Neocomum, the Latin name of Neuchatel), has long 

* Pavlow and Lamplugh, ** Argiles de Speeton et leurs Equivalents.'' 
Moscow (1892). 
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heen known in northern Germany under the local name of Hi Is. 
We owe our detailed knowledge and classification of this forma- 
Jtion to V. Strombeck.^ 

The North German Hils begins with a calcareous conglomerate, 
^vhich includes numerous nodules of sphsero-siderite, the so-called 
Hils Conglomerate, and this is succeeded by the Hils Clay. These 
:8eries are subdivided as follows : — 

Hils Clay. 

(8) Clays with Crioeeras Emerici (LHI. 8) — also TooeaaUr ccmiplanatu9 
Amm. cutierianiis^ A. nor%cu9. 

(2) Clays with Exogyra CauUmi (LI. 8). 

(1) Elligser Brinks Clay with Belemnites mh-qucuirtUut^ B. pUtiUi- 
fomiiSf Amm, (SbplUea) noricu$ (LL 1), Thrctcia Phillipii, etc 

Hils Conglomerate. 

(3) Unfossiliferous Clays. 

(2) Beds with Toxaater eomplanalus (LI. 4), Amm. (Olcostephanua) cutieri- 
anus (LI. 2), Amm, {HopLites) radiatua, Ostrea mttcroptera^ and numerous 
bracbiopods. 

(1) B^ds without these fossils. 

This succession, however, is applicable only to the Brunswick 
rarea. Farther west, Wealden is developed instead of the Hils 
Conglomerate, and a sandstone, which contains numerous inter- 
bedded layers of granular red ironstone, instead of the Hils Clay. 
This is especially the case at Salzgitter, where this ironstone 
•contains a rich Ammonite fauna.* Here, as in the Hils Sand- 
:Stone, the large Pecten crassitesta is, along with the Ammonites, 
41 characteristic fossil. On the other hand, as we go from Bruns- 
wick to the east, the Hils conglomerate and clay pass into sand- 
stone, so that the development of the Hils in N. Germany is as 
.shown in the following table : — 



WEST. 



EAST. 



Upper 
Hils. 



Lower 

Hils. 



Teutobnrger Wald, 
Deister, Sflntel. 



Sandstone, in part 
with Ironstone. 



Wealden. 



Goslftr, 
Brunswick Area. 



QuedlinbarKt 
Ualberstadt. 



Hils Clay, 



Hils Conglomerate. 
Gap, 



Sandstone. 



Sandstone. 
Oap. 



1 "Neues Jahrb." (1857), p. 639, and Zeits, d, deutacL geoL Ges. (1861), 
p. 20. Sae also G. BOhm, Ihid. (1877), p. 215. 

• Neumayr and Uhlig, " Paleeontographica " (1881). See also Weerth, 
-*' Fanna d. Neocomsandst. d. Teutoburg. Waldes. PalAont. Abh," (1884). 



0. O. 



PuTi LI,— FoHili of tha Keocomlin. 

1. UeptUti Nvriciw, ScLloUi. i. Olctitipluiiuu uficrianui. d'Orb. I. Kicff" Cnlimi^ 

d'Orb. 4. TataiUr mifttiiatiit, Agm, 
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In England the Neocomian is similarly formed. Here also in 
the area of the Wealden development, in the south of the coantrj, 
the Wealden is overlaid only by uppermost Neocomian, the so- 
called Punfield beds {with Exogyra Coidoni B.nd other iossi\s\ 
and the Atherfield beds (with Exogyra Couloni, Terebratula 
sella, etc.), forming the base of the Lower Greensand. In the 
N. of England on the other hand, in Yorkshire, Lincolnshire, etc.^ 
where the typical Wealden is absent, we find, besides the higher 
Neocomian beds, others equivalent to the German Hils Conglom- 
erate. A large part of those beds which are known as the Speeton 
Clay, represents the Neocomian. The lowest beds, as in N. 
Germany, contain Amm. astierianus and Toxaster coinplanatuSy 
the higher Amm. norlcus, and still higher we get Crioceras 
EmericL^ 

Moreover, in the N. of France and in the Swiss Jura, in spite 
of some Alpine influences in the latter area, the Neocomian develop- 
ment is in the main similar. Especially widely spread here 
are those beds which in Switzerland are called the Haute rive 
stage, and contain as type fossils Belemnites dilatatus (LIII. 
G), Amm, astieriamts, A, radiatus, and Toxaster complanatvs. 
Below these, near Neuchatel and other places, the lowest Neoco- 
mian beds found are the so-called Valenginien, with Belemnitc» 
dilatatus, B. pistilliformis, Ostrea macroptera, and others, in 
part species found also in the German Hils Conglomerate. 

As already mentioned and as the word f/ap in the above table of 
the development of the German Hils shows, the marine Neocomian 
throughout Central Europe is incompletely developed, since the 
lowest horizon of it, the true Lower Neocomian, is nowhere 
reached. In order to learn to know the group we must go some- 
what further S., to the region of Grenoble. As Lory, Hebert and 
others have shown, the Valenginien here reaches into the area of 

* The Spppton Clay is divided by Lamplugh (Quart. Journ. Geol. Soc.j 
XLV. p. 575) as follows : — 

A. Zone of Belemnites minimus, 

B. „ Bel. semicanaliculatus ? {=.hrunsvicensis), 

C. „ Bel. jaculum. 

D. „ Bd. lateralis. 
£. Coprolltic seam. 

r. Shales with Bel. Ovcenii. 
F.=Uppcr Kimeridge ; D.=Passage beds from Jurassic to Lower Cre- 
taceous; A. = probably Lower Gault; B. and C.= Intermediate beds. The 
zones referred to in the text are those of Judd ; the fir8t=D., the other two 
occur in C. 
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the Alpin6 facies. It does not, however, follow directly on the 
uppermost Jura (Tithonian), but is separated from it by the zone 
of Belemnites lotus and the still deeper zones of Terehratula di- 
phyoides and of Hoplites occitnnicuSj the so-called Berrias beds. 
If these two lowest zones of the Cretaceous are classified as Lower 
Neocomian, the Hauterive series together with the allied Valen- 
ginien would be Middle Neocomian; and therefore the Hils 
Conglomerate standing parallel with it and the equivalent so-called 
Lower Neocomian of England, must be classified as Middle Neo- 
comian, whilst the Hils clay and equivalent deposits in England 
and France would be Upper Neocomian.^ 

Thus the development of the Neocomian in the areas described 
would be as follows : — 



Upper 
Neocomian 



Middle 
Neocomian. 



North France, 

Bngland, 
North Qermiinj. 



Beds with 

Crioceraa Enierici 

XHilsthon). 



Beds with Amm. 

aatierianua^ A. radi- 

atus^ Toxctster com- 

jilanatua, Oatrea 

viticrojUera, etc. 



Be^on or 
Nonchatel, etc. 



Limestones with 

Hequtenia and 

Hadiolites. 



Hauterive 
Series with Be- 
lemnites dUataiug, 
Amm, (utierianiUf 
Toxaster compUi' 
nalusj etc. 



'V, "^'"•'"^: I Valpnginien, 
(Hilsconglomerate.)| ,.ith Bd. dilaUUu 



dUaifUHH^ 
Oatrea macroptera. 



Lower 
Neocomian. 



Absent. 



Absent. 



Region of 
Grenuble, etc. 



Barr^me Series 
= Wernsdorf beds 

with Macro- 
scaphites Jvanii. 



Beds with Be- 
lemnitea difatatus. 

% 7 

Amm. aatieriatius 

Amm. radiatuay 

l^oxaater compla- 

ncUu^y etc. 



Zone of Bdetnnites 

iatua. 

Berrias Series 

with Amm. occitani- 

cua and Terd>r<Uula 

diphyoidea. 



> Most of the French writers classify the beds with BdemnUea dilalalua, 
And also the Yalenginien and Hanterivien as Upper Neocomian ; while 
following the example of Coquand and Leymerie, they unite the beds with 
Crioceraa Emerici (U. Neoc. of the Germans, Urgonien of d'Orbigny) with 
the Aptien under the name Urgo-Aptien, and place it as a special division 
4)f the Lower Cretaceous, between Neocomian and Albian. 
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Albfan and Aptian.-~The bods which succeed the Neocomian 
are known in Germany as the Gault, under which term however 
they include not only the English Gault, the Albi an of French 
geologists; but also the Aptian. In Germany, England and 
France these beds (Albian and Aptian), consist mainly of clays 
and marls, with, in many places, sandstones also. The group is 
characterized by the great number of richly decorated Ammonites, 
the hook-shaped Hamites and Belemnites, whilst of the other 
classes of animals only Gasteropods and Lamellibranchs are abun- 
dantly represented. 

As with the classification of the Hils, so also that of the N . . 
German " Gault " rests entirely on the works of v. Strombeck.* 
He distinguishes for the region N. of the West Harz and Bruns- 
wick from above downwards : — 
/ Upper Gault. 

1. Flammenmergel, a light-coloured, somewhat siliceous, marl, 
shot with dark spots and tlame-shaped patches, with Turrilites 
(LII. 8), Ammonites (Schldnbachia) injiatusy A. {Hoplites) lautas, A. 
auritusy and others, and the very' inequi valve Avtcula {Aucdla) gry- 
phcRoidea (LII. 5). 

2. Minimus Clay. With Belevinites minimua. Amm, (Hoplites) 
luiitusy A, apl-endens. 

Middle Gault. 

1. Clay with Amm, (ffopliles) t/trdefurcalus. • 

\ 2. „ ,, Amm, (AcanHwceras) Milletianus. 

Lower Gault.' 

1. White marl with BdemniUs Ewaldi and Amm, (Placenticeras) 
^ niaus, Gargas marl « Aptien sup^rieur. 

.2 / 2. Clay with Amm, (Acanthoc,) Martini, A, {Hoplites) Deshayesi^ 
^ I and others. 

3. Dark blue clay, poor in fossils. 

4. Dark blue, tenacious clay with Bdemn, Brunsvicensis, 2-4 « 
Aptien inf6rieur. 

This classification however is applicable only to the above- 
mentioned area. In the west', in the Deister and Teutoburger 
Wald, as also in the east, in the region of Quedlinburg and 
Halberstadt, a light Sandstone is developed instead of the. Clay, 
and like many other similar sandstones so widely spread in the 
German Cretaceous, is known as Quader and indeed as Gault 

> " Neues Jahrb. " (1857), p. 689. Zeits, d, deutach. geol, Oea. (1861), p. 20. 
» Cf. Ewald. " Ueber die fosa. Faun. d. unt. Gaults bei Ahaus. Monats- 
berichte d: BerL Akad." (1860), p. 832. 
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Fliti LII.— FoMilt of the Albiui and Aptimn. 
. I. Ju>i(liociniiiiuiKniIlaH,B<!bl. I. HojilitM (ubtrcKliliii.Soi'. 3. Turnlfletcslflu 
d'OrliJ 4. Jfann'laretmidiu, Sow. S. Atieala {Analla) frgfiJtaHiidt; Boti. e. Inortn 
nl«I>>(, Park. 
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^iiader. The development of the " Ghiult " in N. Germany may 
therefore be represented as in the following table : — 

WEST. EAST. 



Tcutobarger Wald, 
Deiater, etc. 



Branstriek Area. 



Rogion of Halboratadt 



Sandstone. Flammenmergel 

Clay. 



Sandstone. 



In England what is known to the Germans as Grault is repre- 
sented by the twodivisionSjLower Greensand below and Gault above. 
In the Wealden area the Lower Greensand is divided into 

Folkestone Beds. Sand and Carstone. 
Sandgatc Beds. Dark clayey sand and clay 
Hythe Beds. Limestones, sandstones, sand. 
Atherfield Clay. Clay. 

The Atherfield Clay has already been referred to the Neocomian 
<Urgonian) of the French. The Beds of Hythe and Sandgate, 
with Oervillia anccps, etc., are the representatives of the Aptian 
4)f the French, while the Folkestx)ne Beds with Area Rattlini, 
Pecten {Janira) quinqiLecostata, etc., and the zone of Amm, main- 
millaris, belong to the Albian. 

In the south-west of England the Funiield beds with Exogyra 
jfinttata, CorbtUa striatttlaj etc., appear to belong to the Urgonian, 
And the beds overlying these to the Albian^ 

In the Midlands the Lower Greensand is represented chiefly by 
gravels and sands, which include the Faringdon beds with their 
numerous sponges, the Shotover and the Wobum Sands. In Lin- 
colnshire the group is represented by the Tealby series, and in 
Yorkshire by marine beds in the Speeton Clay. 

The Gault is a stiff blue clay, sometimes calcareous or sandy, 
And contains numerous fossils. At Folkestone it has been divided 
into the following zones : — 

Zone of Amm, roatrcUus. 
„ Kingena lima, 
,, Atnm. varico8U9, 
„ Amm, criataiHs. 
,, A. auritus, 
„ A, flenariuB, 
„ A. lauttts, 
/ . iy A, ddaruei, 

„ Crustacea (Pai<Bocori/9te8), 
„ A, auritus var. 
„ A. itUerrttptus, 
A, mammUlarU. 
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In France the upper part of the Lower Gretaceons is, a9 
nlready mentioned, divided into two stages, the Aptien below and 
the Albien above. The former is typically developed at Apt in 
Vaucluse, and there consists of a group of blue marls with Plica- 
tida placunea^ Amm. NistiSj etc., succeeded by a limestone with 
Ancyloceras rcnauxianuSj Ostrea (ujuila. In the north of Franco- 
the series is mainly clay. The special characteristic of the group 
is the abundance of Ancyloceras {Crioceras). The Albien is com- 
posed in the Paris basin of greensand below and clay above. At 
the base is the zone of A7nm, mammillaris (Folkestone beds of 
England), and above, the zones of Amm. lautKs and Amm. ivflatus. 



England. 



Gault proper with Amm, inflatua^ A, aurituSy 

A. lautuSy A. interruptus. 
Folkestone Beds with Amm. mammiUaria (LIT. 1). 



X. France. 



Albien. 



Germany. 



Sandgate Beds with Concbifera, brachiopods, etc. 
Hythe Beds with Amm,. Martini^ A. Desfiaj/eaij etc. Aj^tien. 
Exogyra Coulonij brachiopods. ' 






Lotcer Cretaceous of S. Europe. 

The S. European facies is developed in the Alps and Car- 
pathians, S. France, Italy, Spain, and the whole Mediterranean 
basin. The most characteristic features of the older Cretaceous- 
of these areas are the occurrence of the peculiar Requienia (LIII. 
2) (with their large valves shaped like the horn of a ram and 
their small ones like a lid) and of the oldest lludistes ; and in- 
the second place the development of large Ammonitidse with free- 
whorls {Crioc^ras [LIII. 3] Ancyloceras^ Macroscapliites [LIII. 4]^ 
Ilamites [LIII. 5], etc.), and of the genera Phylloceras^ Lytocei'as^ 
etc. 

The Lowest Neocomian of the S. European Cretaceous con- 
sists of the above-mentioned Berrias beds with the perforated 
Terebratula diphyoides^-ti variety of the Tithonian T. diphyn — 
Hoplites, OlcostepTianuSf PerispJiincteSj etc. ; and those beds are 
overlain by the zone of Belemnites l<ttus. The two together form 
the Lower Neocomian. The Middle Neocomian, or the zone of 
Belemnites dilatatuSj is foiined throughout the W. Alps of the 
Yalenginien, which overlaps the Jura in this area, and contains- 
Py gurus rostratus and Vola atava; as well as the Spatangu» 
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Limestone, the equivalent of the Swiss Hauterivien, with 
Toxnster conUformis, Olx^ostcphanus astierianus (LI. 2), HopUtes 
veocomiensiSj BeUmnites pistilUformift^ and other Central Euro- 
pean fossils. Lastly, the Upper Neocomian appears sometimes 
in the form of limestones with Macroscaphitea Ivanii (LIII. 4) 
And Crioceras B/merlci (LIII. 3) — the latter also occurring in the 
Upper Neocomian of Central Europe — numerous species of PhyU 
loceras and Lytoceras^ Ilaploceras, AspidoceraSj Acanthocci^as^ etc., 
iind this development is known as Bar re mien after one of 
the chief localities in S. France, or as the Wernsdorf beds^ 
after another in the Silesian Carpathians. In the Swiss Jura 
Also, which in Upper Neocomian times was a bay of the Southern 
European sea, and also in the Algau, in Vorarlberg, and other 
parts of the Alps,' white limestone, often forming nigged hills, 
■occurs. This is the massive Caprotina orSchratten Lime- 
stone, which extends throughout the whole of S. Europe and 
N. Africa (Algeria, Morocco, etc.), and the upper part of which 
■everywhere belongs to the Newer Cretaceous. In the lowest 
parts of this liinestone, referred to the Neocomian, the typo 
fossil Requienia (Capi'otina) ammonia is not present. This first 
Appears a little higher up ; and the main mass of the Caprotina 
Limestone, which includes besides this fossil Ilequ. gryphwmdes 
And others, Sphcervlitcs Blumenbachi, Monopleiira tnlobaUt 
<LIII. 1), etc., corresponds with what the French geologists now 
generally designate as Aptien or Urgoaptien, while d'Orbigny 
Applied the name Urgonien to the whole of the Caprotina Lime- 
stone.^ 

But the Caprotina Limestone is only one facies of the Aptien. 
Another facies is that of the S. French Gargas marl with 
Ancyloceras Matheronianum^ Acanthoc. Martini, Plicxttida p^la- 
4'unea, Exogyra Couloni, etc.; another is the Orbitolina 
Limestone, filled with millions of shells of a large lens-shaped 
Foraminifer, Oi'6itoZ/?2a lenticularis. Lastly the Albien occui's 
in the Alpine area chiefly as green sandstone with the charac- 

* Uhlig, " Die Cephalopoclenfauna d. Wernsdorf. Schicht. Benkschr. d- 
Wien. Akad." (1888). 

« Vatek, *»Jahrh. d. Wien. Beichsanst." (1879), p. 659. See also hid 
-** Neooomstudie." Ihid, (1880), p. 498. Of othei* papers on the Lower Cre- 
taceous of S. Earope and especially S. France, those of Goquand, Hubert, 
Torcapel, Carez, Toucas, etc., are specially important — almost all have 
Ap)jeared in the Bull, Soc, Geol, de France, For the paleeontology of these 
4leposits, see the papers of Coquand, Loriol, and Fictet. 
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teristic fossils of the English Gault. It has indeed been traced 
from the S. of France through Switzerland to the Carpathians 
and to Greece, but is nowhere so fossil iferous or so fully de- 
veloped as in Central Europe. 

Lastly, a white, thin-bedded limestone, very poor in fossils, and 
known as the Biancone Limestone, should be mentioned as a 
tolerably widely-spread facies of the Lower Cretaceous in the 
S. Alps. 

2. Upper Cretaceous. 

Upper Cretaceous of Germany^ England, and N, France. 

In Germany the following areas of Upper Cretaceous rocks 
may be distinguished : — 

1. The small area of Aiz-la-Chapelle and Maestricht, consisting 
exclusively of Senonian. 

2. The area of N.W. Germany, a region lying north of the 
Lower Rhenish Schiefergebirge and of the Harz, and stretching 
from the Bhine nearly to the Elbe ; also the so-called Westphalian 
Cretaceous basin, the Teutoburger Wald and Wesergebirge, and 
the region of Hanover, Brunswick, Goslar and Halberstadt. The 
Hmall scattered Cretaceous masses of the Ohmgebirge, not far 
from the town of Worbis,* may be reckoned in this area. 

3. The Saxo-Bohemian area. This includes the great Creta- 
ceous area of North Bohemia, with its prolongation into Saxony, 
and also the Cretaceous outcrops of LOwenberg and other points 
in Lower Silesia, of Begensburg^ and Fassau on the Danube. 

4. The Upper Silesian Cretaceous area with the outcrops rising 
from the diluvium in the region of Oppeln and Leobschtitz.^ 

5. The Baltic Cretaceous area. Besides the smaller Cretaceous 
patches of Btigen at the mouth of the Oder, in Pomerania, 
Mecklenburg, Holstein,^ near Lilneburg,* etc., this includes the 
extensive outcrops on the Danish Islands and in S. Sweden. 

In the N.W. German area the two lower divisions of the 
Upper Cretaceous, the Cenomanian and Turonian, consist of white, 
thin-bedded, marly, and in part somewhat siliceous limestone, 
the Planer; and this is the case also throughout the area 

* V. Seebach, " Erlftuter. z. Blatte Worbia d. geol. Specialkarte v. 
Preusaen." 

" Beyrich, Zeits, d, deutach, gecl. (?€». (1849), p. 411 ; (1850), p. 108. 
» F. BOmer, " Geol. v. Oberschlesien," 1870. 

* V. Strombeck, Zeitt. d. deutsch, geol, Qea, (1868), p. 97. 
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between . the Teutoburger Wald and the Harz. The Senonian, on 
the other hand, consists mainly of light sandstones, the Quader 
Sandstone. True writing chalk is absent here; yet a rock at 
least approaching chalk in character occnrs near Peine, Lehrte, etc. 

For the detailed knowledge of the younger Cretaceous rocks of 
this region, just as for the older, the works of v. Strombeck are 
specially important ; as also are the later beautiful researches of 
Schluter for the Westphalian area.^ 

Lower Planer or Genomanian. This usually begins with 
sands and marls, often conglomeratic and glauconitic, which con- 
tain. P<pc<en asper (LV. 2), Catopygtis carinatus, Ostrea dilxivianay, 
etc. This is the so-called Tourtia, a Belgian term used for 
deposits of this age in the neighbourhood of Namur. In tho 
succeeding marly limestones there are two important Ammonites : 
in the lower marl, the widespread Amm, {SchWnbacJna) vananS' 
(LIV. 2) (occurring also in N. Africa, India, and S. America), with 
keeled back and divided ribs tuberculate at the ends; in the 
upper marl, the large thick Amm, {Acanthoceras) rotoniagcnsiir 
(LIV. 1), with tuberculate back and ribs slightly divided, but also 
frequently tuberculate. Moreover, throughout the Genomanian 
Amm, (Acanthoc.) Mantclli is not rare. The gasteropod-liko 
richly ornamented Ammonite genus Turrilitcs {T. costatus^ T. 
ftibei'CiUatits, etc.) is also verj'^ widely spread. 

Upper Planer or Turonian. v. Strombeck distinguishes 
here:— (I) Beds with Inoceramus mytiloides = labiatii8 (LV. 4) 
(small, longitudinally striated), the so-called Mytiloidesplanery 
generally more or less brilliantly red coloured, with relatively 
poor fauna. (2) Beds with Inoceramus Brongniarti (LVI. 5) (large, 
veiy thick shelled, with strong concentric lines of growth), — 
Brongniartiplaner. (3) Beds with Galcrites { = Echinoconusy 
albogaleriis (LVI. 7), Micraster hrevipmnis^ Holastcr planus, and 
other sea-urchins, and Tcrchratula Becksi, — Galerites planer. 
(4) Beds with Scaphitcs G^mrtj2ri (LVL 2),— Scaphitesplaner. 
In the last horizon, which extends from Westphalia to Silesia ^ 
there are also numerous Spondylus spinosus (LVI. 4), the largo 
Anwi. (Pachydiscus) peramplus (LVI. 1), Micraster cor tcstvdi- 
narium (LVIII. 2), Tcrehrafxda scmiglohosa, Rhynchonclla pit- 

* V. Strombeck, "Glieder. d. Plftners im nordw. Deutachland. Neue» 
Jahrb." (1857;, p. 785.— "Beitr. z. Kennt. d. Pl&ners ttb. d. westfftl. Steiii- 
kohlenf ." ZeiU. d, deuUch. geol, Oea, (1859), p. 27. Schlttter, " Verbreit. d, 
Cephalop. i. d. ob. Kreide Norddeutschl," Ihid, (1876), p. 457. 
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catilis, etc. (5) Beds with Inoceramus Cuvieri (LVI. G) (broad, 
of rounded quadratic outline, with short wings), Epiaster brcviSj 
•etc., — Cuvieriplaner. 

Schlater divides these series into the following zones : — 

Toronian. 

5. Zone of Inoceramus Cuvieri and Epiaaier brevis* 

4. „ Heteroceras JReusaianum and Spondyltu $pinotui, 

8. „ Inoe, Brongniarli and Amm, Wocllgaru 

2. ,, Inoc, labiatua and Amm. nodosoidat. 

1. ,, Aclinocamax plenua (only found in Westphalia). 

Cenomanian. 

8. Zone of Amm. rolomagensis and Holaster suhylchosut. 

2. „ Amm. varians and Hemiaster Griepenkerli. 
1. „ Pecteti asjper and Caiopyyue carincUus. 

That Schltlter does not separate a special Galerites stage is 
explained by the fact that this seems to be only a peculiar facies 
of the Brongniartiplaner.^ 

Senonian. This is a thick fossiliferous series of many divi- 
sions and of very various development. Formerly in Germany 
two series only were usually distinguished : — (1) The Lower 
Senonian with Belemnitella {Actinocaniax) qxuidrata (LVIII. 1) 
•(with rough granulated surface and short alveolus), — the Quad- 
rata Chalk; and (2) the Upper Senonian with BelemniieUa 
mucronata (LIX. 1) (with branching vascular impressions and long 
nlveolus), — the MucronataChalk. The classification of Schlti ter 
is much moro detailed. He separates from the Senonian the 
lowest grey marly beds (shown by numerous bore-holes and pits 
in Westphalia to be more than 1,500 feet thick), under the name 
<:f Emschor Mergel (or shortly ** Emscher "), as a distinct, and 
indeed the thickest, group of the North German Chalk. The 
chief fossils of this series, which is present on the northern border 
of the Harz, in Silesia, Bohemia, France, England and the Alps, 
probably also in North America (Texas) and East Asia, are Amm. 
(ScJilDnbachia) Mar go* (LVII. 1), Amm. (SchWnbachia) TexanuSj 
Amm. Emschei'is, etc.. Nautilus ncubergicus, and N. leiotropis^ 
Inoceramus digitatuSj characterized by its size and the strong 
ribs which run out from the middle line to both sides (LVII. 2), 
otc.* Most geologists classify' the Emscher as the deepest zone 
of the Senonian. 

* U. SchlOnbach, " Ueber d. nordd. Oaleritenscluchten u. ihre Bracbio- 
2x)denfauna. Sitzungsber. d. Wien. Akad." (1868). 

* Zeits.d. deutaeh. geol. Gw. (1874), p. 775. — Compare also MtlUer, " Beitr. 
V. Kennt. d. ob. Kreide a. nOrdl. Harzrande. Jabrb. d. preuas. geoU 
Landesanst." (1887), p. 872. 
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The succeeding series are subdivided by Schltiter as follows :— ^ 

Upper Senonian. eCoeloptychium Chalk ( = Canipaiiien). 

The remarkable mushroom-shaped sponge genus djetoptychiwm (ot 
the Hexactinellidse) is entirely limited to this uppermost subdivision 
of the Chalk ; and is spread from Ireland to the south-east of Bussia. 

3. Zone of Heierocerets pclyplocum (LIX. 2), (formed like Turrilites 
but the last whorl free ; a large, longitudinally ribbed species) and 
Scaphitea jp«/c/*«rr«»»««,— Upper Mucronata Chalk. Bdemnitella 
mucrofiata, Amm. Wittekindij Baculites ancepa (LIX. 8), Ananchytea ovata 
(LVIII. 8), numerous fish, crabs and plants (the Plattenkalke of the 
Baumberg and of Sendenhorst are famous for fish and plants). Includen 
the soft yellow sandstones and marls of Haldem and LemfOrde in 
Westphalia, Ahlten near Hanover, etc. Beaches 100 ft. in thickness. 
Contains the latest of the German Ammonoidea. 

2. Zone of Amm. Coesfeldenaia and Micrtuter gJyphus'^'Lo'weT Mu- 
cronataChaik. Includes the marls, limestones, and marly sandstones 
of KOsfeld, Darup, Borup, etc., some 200 ft. thick. AnancJiytea vulgaris ^ 
Vela quinQuecostataj Gryphcea vuicularis, Phol4idomya Eamarki, Tere- 
hrattda obeaay BelemniteUa mucronata y ete. 

1., Zone of BeckHa Svkelandi (a Hexactinellid sponge) ""Up per 
Quadrata Chalk. Adinocamax quadratwf, Inoceramus Cripsi (LVII. 
5) (a fiat, broad-winged species, very much extended laterally, which 
is found throughout the Senonian), Vola quinquecosicUa (LYII. 4), 
Gryphcea vesicularU (LIX. 4), Caloptychium agaricoidea (LIX. 5), 
Ananchf/tes {Echinocorys) vulgaria, etc. 

Lower Senonian. a Lower Quadrata Chalk (s=Santonien). 

8. Zone of Scaphitea binodoauay with Exogyra iaciniatoy Inoceramus 
lingua, Scaph. infltUuay etc. Typical occurrence is the sandy limestone 
of Diilmen in Westphalia. 

2. Zone of Fecten muricatua. Vola qftadricoatata, Inoceramua Miofytay, 
Trigonia aliformia (LVII. 6), Pinna quadrangulariay leaves of Credneria 
(LX. 4), ete. Here belong the beds of Haltern in Westphalia, etc. 

1. Zone of Maraupitea omatua (LYII. B) (a stalkless crinoid, easily 
recognised by the characteristic markings on its calyx). Here belong 
the sand marls of Becklingshausen (Westphalia), and probably also 
the unfossiliferous marl of the Salzberg near Quedlinburg.^ . 

In Eastern Germany the Saxon Cretaceous area is of 
special importance for the knowledge of the formation, oh ac- 
count of the researches through a long series of years of H» Br. 
Geinitz. The Cenomanian begins here at Plauen, Tharandt, etc., 
with true " Tourtia," a conglomeratic formation or shell breccia, 
which lies directlj^, in part in pockets, on the Syenite of the 

* D. Brauns, "Der senon. Mergel d. Salzberges,"' Zeila. /. gea, Naturw. 
(1876), p. 825. An approximately equivalent shore fauna as well as a 
fimall but interesting fresh- water fauna (including Cyrena and Paludina) 
has been described by Prech from the same area. Zeita, d, deutadu g^, 
Gea. (1887), p. 141. I , 
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Plauenscher Grand. The higher beds, on the other hand, aro 
developed mainly in a sandy form as Quader Sandstone (Lower 
Quader, Greini tz). According to the latest researches of the Geo- 
logical Survey the Saxon Cretaceous may be classified as follows: — 

10. Upper Quader (Upper Turonian, Emsclier or Lower Senonian ; 
position still unoertain). Quader sandstone, forming steep isolated 
hills above the Scaphites horizon. 

Turonian. 

e. Stage of Scaphites Geinitzi, 

9. Marl and clay of the Copitzer Ebenheil, of Zaltzsohke and Ober- 
posta, with Sc. Geinitzi^ Sc. eturitus^ luoceramus lotus and BeumJiies, 
d, Stageof Inooeramtis BrongniartL 

8. Brongniarti Qaader, Upper Quader, Iser sandstone, with In, 
Brongniarti^ Lima ca«€Uifera, Vda quadricottatay Esibgyra columba, 
JthynchtmeUa plicatUis. The Elbe Valley is cut in this group, and it 
also forms the sammit beds of the Hoher Schneeberg. 

7. Marl of the upper part of the valley of the Gottleuba, unfossil- 
iferous. 

a and 4. Glauconite sandstone with JihyncJiondla hohemica^ 
SchlOnb. (Pima, Cotter Berg, Bosenthal, Hoher Schneeberg). Between 
these is intercalated : — 

5. PULner with In, Brongmarti atid Spondi/lus spinosus (Hoher 
Schneeberg, Krietzschwitz, Cottager Berg, Copitz.) 
c Stage of Inoceramut ItibuUus. 

8. Labiatus Quader, Middle Quader, Bildhau sandstone, with 
InooeramuB labiatut, Pinna decussata. Often marly at the base, and to- 
wards the N.W. becomes calcai'eous and passes into 

Labiatus Planer (Middle Planer). 

Cenomanian. 

6. Stage of Ostrea carinata, 

2. Carinata Quader, Lower Quader with Ostrea carintUa, O. hippo- 
jxxftttMi, O. diluviana^ Exogyra cotumha^ E, htiliotoidea, luoceramus 
striatus, Trigonia sulcataria^ Protoeardia HUlana^ Radicliles. At the 
summit locally hornstone or Pl&ner sandstone with Cidaris sorigneti. 
Sometimes with banks of coarse conglomerate. Conglomerates and 
shell breccias fill local clefts and hollows of the subsoil. The Carinata 
Quader may be wholly or partially ivplaced by the 

Carinata Pl&ucr or Lower Planer. 
a. Stage of Credneria, 

h Bark, thin-bedded sandstones and shales with leaves and car- 
bonaceous stains. (Plant-bearing beds of NiederschOna, Paulshain.) 
Accompanied by basal conglomerate and giiivel. 

In Lower Silesia the Cenomanian and Senonian consist of 
f$andstones ; the Turonian, on the other hand, as in W. Germany, 
of Pl&ner. The coal-bearing character of the uppermost Senonian 
beds (the Upper Quader) in the region of Lowenberg is remark- 
able. Accompanying the coal there are numerous remains of land 
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plants — Kieslingswald in the county of Glatz is especially famous 
for these — and some brackish-water bivalves (Cyrena cretaceaj 
«tc.) occur alone; with marine forms. The plastic clays, from 
which the well-known Bunzlau vessels are prepared, belong to 
this horizon, and a]*e of economic importance.^ 

In Upper Silesia the Cenomanian is also composed of sand- 
>;tones with Amm. rotomagenesis, Exogytxi columbaj etc., the 
Turonian and Senonian, on the other hand, mainly of calcareous' 
joiarls with the characteristic fossils.^ 

Thus the general development of the Cretaceous in the preceding 
-areas of Germany may be shown as in the following table : — 



Senonian. 



Turonian. 




Westphalia 

Hanover 

Harz Border. 



Saudstx)n6 



Upper Silesia. 



Cenomanian. 



riancr 



Planer. ! Quader. 
Tourtia. 



Sandstone. 



CaJc. marl. 



Calc. marl. 



Sandstone. 



The small Cretaceous ai'eaof Aix-la-Chapelle and Maestricht 

^.onsists exclusively of Senonian, which shows in its lower parts 
aU the characteristics of a shore or dune formation. Holzapfel,^ tx> 
whom we owe a new comprehensive description of the rich 
Molluscan fauna of the Aix-la-Chapelle Chalk, classifies it as 
follows : — 

Upper Senonian (with Belemn. viucronalwi). 

2. Maestricht Beds, soft yello^vish so-called tuffchalk. At Aix- 
la-Chapelle itself only in small remnants; well developed at Maes- 
tricht, where the very fossiliferous rock (with numerous Bryozoa, 
Jlemipueustea and other sea urchins, gasteropods, mussels, brachiopods, 
foraminifers) has been worked from very ancient times in the Peters - 
berg. The famous Motataurua also was found here. 

1. Chalk Marl; at the top with firestone. GryphoM veaicularity 
Crania ignabergetuU (LX. 2) and other brachiopods, NautUuSj etc. 

' "Erlaut. z. geogn. Karte v. Niedersohlesien " (1867). Williger. Die 
LOwenberg, Kreidemulde. " Jahrb. d. preuss. geol. Landesanst.'^ (1881). 
« JP. ROmer, •' Geologic von Obei-schlesien " (1870). 
« " Palftontogr."' (1887-89). 
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Lower Senonian (with Actvtoc. quadratus). 

The Baltic Cretaceous area is before all characterized by tho= 
white writing chalk, the mostjsoutherly outcrop of which lies near 
i^aneburg. This is an earthy material like the Globigerina ooza 
ot the deep sea of the present day, consisting partly of amorphous 
particles of limestone, partly of innumerable minute shells of 
Forammifers (especially Gr^o6/^er/««), and ix>wdered remains of 
JJiyozoa, Mollusca, Corals, etc. A specially well known and char- 
acteristic occurrence is that on the N.E. coast of Ragen. Hero 
as IS ,so common in the true chalk, there are numerous nodules of' 

tion ofT^- "" '''^''^' ^^^^ °^^ *^«^ «"«i'^ ^o the concentra- 
rZali; Jl"^ contained in the calcareous nK>k in the form of 
lema.us of Radiolana, sponges and diatoms. The chalk of Rttgen, 

SS2 f"»'^^^"»^'»*'-^««. Tercbratula can J, BeLnit. «m- 
c^mta numerousBryozoa, etc, belongs to the Senonian ; * but the 
ru. onian and Cenomanian. and also the Gault (with B. m/«m«,> 

iJL? VT^ ^'^°"^ '' ^^ *^"°«« «* Greifewald (Zeits. /. 
Meckletr f\ r'"' P- '''^- '^'^^ «"''» '>-'^->V^ of chalk at 

r Llr ^""*"'«." *"»<* Cenomanian," whilst at Wollin only Tnroniau 
{Inoc. Brongniarti) is developed. ' -^nroniatt 

The Senonian rocks of Denmark nnri fi,o a «* c j 
mn/^ii «.«„^ X . •^""'"•HK ana tiie b. of bweden arc 

rnwrX:^'*"^"^- "-""'^^"^ •*''^«"«"^«^- ^-- «»-- 

(near'^MaS'lnd^ti^i^''";''"^^ Fl!nt.beari„g Saltl.olm Ii„.oston,. 

, ^M*«rw J'orc/t/ia7nmef^, ^aut^lll8 danicus, Cy^irKa, and 

IX^hl" -^Eriar; ;^ £^ ft/-. E«««shau«en, is to be foux,d in v. 
-» rr *'""'^- ^* S©oi. ivarte d. Bheinprov.." etc ii n 497 

i^^: .?f r Ml'^r^'it Sr '"'^r Wstein;rui„'.^'l,«.es Jahrb..^ 
Paliuint. Abh.," ll^ ' B'-yo^^n d. weisB. Sohn;ibkr. d. Ins. BOgen. 

O^f-jSiktn'l!" a^^^^ °*"'- "• *''»^^-»''' fl««^). and "«. Beitr. . 

./^.;i/!?^'£.";xSr«*?25"^^- bildni„gar"(1888). See also ZeiU. ,, 
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others, which are tinastial in Mesozoic formations — except in the youngest 
Clialk — and first become abandant in the Tertiary. 

2. Beds with BeUmnUdla mucronata. KGping Greensand, etc. 

3. Beds with Aciinoc. »nbventrieo»U8. Fragmental chalk of Ignaberga^ 
Tosterup, etc. 

4. Beds with Actinoc, qvitdrattu. 

5. Beds with Adinoe, veru9 and A, voeaf/alicuSy according to Schl(lter= 
Emsclier Mergel. 

Lastly, it is to be remarked that the innumerable flints and 
fragments of chalk scattered throughout the diluvium of N» 
Germany are derived from the extensive destruction of the Northern 
Chalk ; some of them very probably from outcrops formerly present 
in N. Germany itself.^ 

In England * the Upper Ci^etaceous includes the Upper Green- 
sand and the Chalk ; and differs from the ordinary German type 
in the great development of true chalk, which in fact forms by far 
the greater part of the series. 

The Upper Green sand consists of soft light-coloured sand^ 
and sandstones, sometimes calcareous, and generally bearing'grain» 
of glauconite. It contains fossils, especiaUy Echinoderms (Discoi- 
dea sid)uculu8, Salcnia^ etc.) and molluscs {Pecten aspei*, Exogyra. 
columba, Oryphcea vesiculosa, etc.), and is sometimes divided into 
the following zones : — 

2. Zone of Peden asper. 
1. „ Exogyra conica. 

In Devonshire Meyer has distinguished some dozen zones, which 
have not, however, been traced over the country. The group i» 
clearly the equivalent of a part of the Cenomanian. 

The Chalk is divisible bi*oadly into — 

White Chalk with flint«. 
White Chalk without flints. 
Chalk Marl. 
Chloritic Marl. 

These divisions can generally be made out ; but the lower part 
of the chalk itself frequently contains flints, and the upper part in 
^me cases does not. 

» Dames, Zeits. d, detiUch, geol. Get. (1874), p. 761. Schroder, ibid. (1882)„ 
p. 243. NOtling. " Palttont. Abh." (1885). 

* The most important work for comparative pur|x)9es, on the Upper Cre- 
taceous of England, is that of C. Barrois, " Becherches s. 1. terr. cr6tac<^ 
«uper. d'Angleterre etde Tlrlande " (1876). 
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On the coast of Kent the Chalk is divifled into the following 
2oncs :— 

,S I Chalk with flints of Mar^ato. Zono of Marsupite^ ornatua. 

. O i " » !» Hmadstairs. „ Mivra^ter cor anguinnni, 

Si), ., }, J)ov«*r. ,, M, cor tentadinarinm, 

2 I Nodular Chalk of Dover. ., llolasUr planum, 

g J Chalk without flints of Dover. „ Terebralulina sn^acin^. 

^ I Nodular Chalk of Shakespeare's Clift". „ Jnoceranins mytiloides. 
I- ^ 

Beletanitella iHena. 
Hotnater auhglclboHHH. 
A m m . Rotomagetma. 
variana. 
Chalk Marl. ., Ptocoacgphia mptalia. 

The same zones can be recognised more or less exactly through- 
out England ; and frequently there is a higher zone still, the zone 
of Belemnitella mticronata, which includes the uppermost part of 
the chalk in the Isle of Wight, Norwich, Yorkshire, etc. 

In the Isle of Wight BaiTois recognises : — 




Grey Chalk. 






White Chalk with BdemnUella mucronata. 


ji 


j» 


MicraaUr cor angainum. 


n 


?i 


M. cor teaUiditiarium. 


V 


?» 


JJoiaater plauua. 


Chalk Marl 


t» 


Ter^ratuliHa gracUia, 


n 


!» 


Inoceramua lahiataa. 


Glauconitic Chalk 


M 


Turrilitea and Scaph'Ues auiualia. 


ChJoritio Marl 


17 


Amm, luticlavitta. 


Upper G reeiisand 


M 


A mm, injiattta. 



In the North of France the succession of tJie Upper Cretaceous 
rocks closely resembles that of England ; but still higher zones 
^re represented, and these are united under the term Danian. 
The whole series may be divided as follows : — 

Danian. Locally developed. 

Pisolitic Limestone of Meudon. A yellowish concretionary 
rock with XautUua danicua, Cidaria Forcldiammeri, etc. Zone of NauiUua 
ilanicua, 

Baculite Limestone of the Cotentin, resting on a greensand with 
Orbitolina. Zone of BaculUea ancepa, 
^enonian. Very homogeneous throughout the Paris basin; formed of 
white chalk. Divided into — 
Campanien. Zone of BdemniJUila mucronala, 

„ B. (Adinocamax) quadrata, 
8antouien. „ Micraater cor auguinum. 

,, M. cor teatudinarium. 
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Turonian. Marly Chalk. 

Angoumien. Zone of Mic roster hrev iporun, 

„ TerebratiiliHa f/racUls, 
Contains also Amm, jxraniplus, Scaphites (Jeiuifzi, SpondyUts spinosat^ 
luoceramaa Bronyniarti. 
L i g^r ie n. Zone of Tnoceramus labiatu8, 
Cenomanian. Glauconitic Chalk. 

C ar e n to n i e n. Calcai'eous marls with Belemnitdla plena, 

Qrey chalk with Hdaster sithylobosus, 
Glauconitic chalk with Turrilitet iuherctdattm, 
Kotoxnagien. Glauconitic sands, etc., with Pecten asper and 

AmmanUet inflatux. 

It should be remarked tliat Hebert considers that the CenomaDian 
and Turonian of the North of France represent only the lower por- 
tions of these stages. He sapposes the marine sandstone of the 
province of Maine with Anorthopygtis orbicularis, and Exogyra 
coliunha to represent the Upper Cenomanian (absent farther north) ; 
And he does not suppose the Angoumien substage of the Turonian 
to be represented in the North at all. 

The Cenomanian is somewhat variable, but generally in the 
Paris basin it consists of marls, sands, and chalk, often glauconi- 
tic. In Flandres and Hainault it assumes the form of a glauconitic 
conglomerate of quartz pebbles resting directly on PalsBOzoic rocks, 
and this is what is known as the Tourtia. 

The Tuix)nian also is somewhat variable ; but is chiefly formed 
of chalk marl. The zones established in Normandy, viz. : — 

Zone of Terehrattdina gracUU, 
„ lihyttchonella (JucierL 
,, Inoceramus lahiatus, 

are precisely the same as are found in Buckinghamshire and Cam- 
bridgeshire. 

The Senonian is well developed throughout the Paris basin, and 
consists of white chalk like that of England ; while the Danian is 
found only at one or two places. 

Upper Cretaceous of S. Europe, 

The most characteristic feature of the Upper Cretaceous of the 
f^outh of Europe is the extraordinary development of Rudistes, Its 
thick, heavy shells occur in the shallow-water formations through 
•out the Equatorial zone in S. Europe, and also in N. Africa, Asia 
Minor, India, Mexico, in great numbers often forming large rock 
masses. The genus Sphcerulites (LXI. 4), which alone is present in 
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the Lower Cretaceous, is here accompanied by Radtolites and Hij)- 
purites (LXI. 3). Other characteristic forms of the SDuthem Upper 
Cretaceous are the bivalve genus Caprotina (C. adversa [LXI. 2], U. 
Cenomanian), the Ammonite genus Buchiceras{IjX.L 1), the gBLste- 
ropods AdceoncUa (LXI. 5), Olaiic(mia (LXI. 6), and Ncrinea^ and 
the peculiar coral Cydclitcs (LXI. 8). 

In the W. Alps, an important division of the Upper Cretaceous is 
formed by the SeewenBeds, limestones and marls, poor in fossils^ 
belonging to the Cenomanian and Turonian, probably also to the 
Senonian {Amm, irttomagcnsis^ etc., characteristic Inocerami, etc.). 
The Hippurite Limestone also, which often forms by itself 
the whole of the Upper Cretaceous, plays an important part. 
Further there belong here the calcareous marly Gosau bed* 
(named after Gosau near Halls tat t) with numerous Hippurites (i/. 
organisanSj H. cornu vaecinum), Nerinea^ Actwonella, CyclclitCHy, 
etc. About a fourth of the rich fauna occurs also beyond the Alps. 
The lower beds belong to the Turonian, the higher to the Senonian ^ 
Amm. Margce and A, texanus, and some other species also point to a 
relationship with theEmscher marl.^ The well known fine marble 
of the Untersberg near Salzburg also is only a special facies of 
the Hippurites Limestone. In the Bavarian Alps, moreover, Orbi- 
tolina beds (with 0. concava) occur in the horizon of the Turo- 
nian and Senonian, as also in the lower division of the Southern 
Cretaceous. At some places, e.g, near Berchtesgaden, late Senonian 
deposits with Belemn. mucronata have been proved. 

In the S. Alps the so-called Scaglia, white and reddish lime- 
stones with Inoceramus Cuvicn, AnancJiytes ovafa, Cardiastcr 
ItalicuSj etc., along with Hippurite Limestones, possess a wido 
distribution, especially in the Lombardo- Venetian Alps. Certain 
very interesting late Cretaceous brackish and fresh-water deposits, 
in part coal bearing, which lie directly on the Rudistes Limestone 
in Istria, Carinthia and Dalmatia (with Cyrena, the Melanid genu» 
Stomatopsis, remains of Characeae) are known as the Cosinabeds, 
or Liburnian series of Stache.^ Similar fresh-water deposits 
with Unio, Melania, Helix y Auricula ^ etc., also occur interbedded 
in the Upper marine Chalk at Ajka in the Bakony and in Provence. 

A peculiar facies of the South European Cretaceous is formed by 

^ The Cephalopoda of the Gosau beds have been described by v. Hauer 
and Redtenbacher, the Gasteropods by Zekeli, and the Lamellibranchs by 
Zittel, and the Reptiles by Seeley. 

9 " Die libumische Stufe. Abh. d. geol. Reichsanst.'^ (1889), 
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the Vienna or Carpathian Sandstone, a very thick unfossili- 
ferous sandstone like the Tertiary "Flysch," which is very widely 
spread in Lower Austria, the Carpathians and Bosnia, and according 
to the views of the Vienna geologists represents the whole of the 
Cretaceous. 

Extra-European Cretaceous. 

A few remarks on the Cretaceous of other areas must here be 
made. The Cretaceous is very widely spread in the North of 
Africa. In the Atlas it shows quite the Mediterranean facies — 
Rudistes Limestones are there very widely spread. In the Ly- 
bian Desert, on the other hand, according to Zittel,^ the youngest 
deposit directly below the Eocene, is writing-chalk, which besides 
many peculiar fossils contains also Aiiaiichytes ovata ; the oldest 
deposit, on the other hand, is a grey or reddish sandstone contain- 
ing only silicified wood, the so-called Nubian Sandstone, which i» 
of Cenomanian or Lower Turonian age and extends east into Syria 
and Arabia. In Syria, Palestine, Pei-sia, Arabia, the Caucasus, etc., 
U. Cretaceous beds with liudistes, Nerinca^ Buchiceras, etc., are 
very widely spread. The fish-bearing Senonian beds of Sahel Alma 
and Hakel in Lebanon are very famous. 

Cretaceous Rocks are also found at many points in S. and 
E. Asia. In i India especially, the very fossiliferous Upper 
Cretaceous of Pondicherry (in the S. part of the E. Coast) 
has become famous through the work of Stoliczka and others. 
These deposits together with the Cretaceous outcrops on the east 
of the continent, (the Japanese Island of Yesso, Saghalien, etc.), 
and on the Aleutians, Vancouver I., etc., belong to the Indo-pacifio 
Cretaceous area, and show several peculiarities. 

In North America , there fis a contrast between the N. and 
S. facies of the Cretaceous just as in Europe. In Jamaica, 
Mexico, Texas, and California, Riulistes^ Nerinea^ Buchiceras and 
other characteristic forms of the Cretaceous Equatorial Region 
occur, while further north a facies corresponding with that of 
Central Europe, predominates. The Cenomanian (Dakota group), 
and younger Cretaceous deposits especially are widely spread here, 
whilst Lower Cretaceous deposits are particularly developed 
in the extreme W. (Shasta group in California). The thick 
fresh- water formation of the Rocky Mountain region, known as 

» " Beitr. z. Geol. u. Palaont. d. lib. Wiiste. Palaontogr." (1883). 
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the Laramie Group, belongs rather to the oldest Tertiary than to 
the Cretaceous. 

The Lower Cretaceous is well developed on the W. coast of 
South America, especiallj* in Columbia, while in Brazil the 
Upper Cretaceous (here also with Buchiceras) is very widely spread. 

In S. Africa the Uitenhage beds belong to the Neocomian, 
and approximately the same age may be ascribed to the deposits 
with Crioceras mist rale which cover so large an area in New 
Zealand. 

PAL.EOXTOLOOY OF THE CRETACEOUS, 

The Flora of the Lower Cretaceous consists chiefly, like the 
very similar Jurassic flora, of Cycads, Conifers and Ferns, whilst — 
as the rich collections of plants in the Wealden and in the 
Wernsdorf beds, etc., show — Angiospermous dicotyledons were at 
that time almost absent in Europe. It was in the Upper Cretaceous 
period that there began a complete revolution, and dicotyledonous 
trees suddenly appeared in abundance throughout Europe. Near 
Aix-la-Chapelle, Haldem (Westphalia), Blankenburg, Niederschona 
(Saxony), Moletein (Moravia), they are everywhere the predominat- 
ing element of the flora, and in comparison with them the Cycads^ 
hitherto so important, are much reduced. Along with several extinct 
genera of Angiospeims, such as Crcdneria (LX. 4), we meet with 
many still living forms, such as Salix, Populits, Aralia, Ficus, etc. 

The view, till lately quite universal, that leaf-bearing trees were 
quite absent in the Lower Cretaceous, has now been shown to be 
mistaken, since in recent times along with ferns and flr-trees a 
whole series of Angiosperms has been found in the North American 
States of Maryland and Virginia, in the so-called Potomac Forma- 
tion, which is considered equivalent to our Wealden. Only a few 
of them can be referred to existing genera {Ilymenwd^ Fictts) ; the 
greater number belong to extinct forms of an older type, which, 
however, recall living genera {Salix, FlatanuSy Populus^ UlmnSy 
Avaliaj Jledera, etc.)^ From these highly interesting discoveries 
it appears that the leaf -bearing trees spread outwards from the 
North American region, in which they were present at the begin- 
ning of the Cretaceous period. As some of the earlier observa- 
tions show, even in the time of the older Cretaceous they had 
set foot in other areas, such as Greenland and Portugal ; but it 

' W. M. Fontaine. *• The Potomac or Younger Mesozoic Flora. Monogr. 
of the United States Geol. Surrey, xv." (1889). 
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was not till later Cretaceous times that they formed the predominat- 
ing element of the flora throughout the world. 

Turning to the Fauna, we must first notice the large part which 
the Foraminifera took in the formation of the chalk ; and of these 
Glcbigerina and others are the most important in the true chalk of 
North- Western Europe, and OrhitoUna in the Alpine Orbitolina 
Limestone. 

The Cretaceous Sponge-fauna is richer then almost any other. 
This is true of the Calcareous Sponges, but still more so of the 
Siliceous Sponges, of which the Hexactinellidse and LithistidsB 
reach their greatest development in the Upper Cretaceous. Tho 
Hexactinellid genus Codoptychium may be mentioned as a speci- 
ally characteristic form of the Upper (Coeloptychium) chalk. 

The corals in general show little that is peculiar. Great collec- 
tions of composite reef-building forms are found only in the 
Equatorial zone {e.g. in the Gosau beds) ; whilst outside this zone, 
especially in the deposits formed in the gi'eater depths of the sea, 
oi\ly solitary forms — such as Carypjjhyllia of the chalk — are usually 
to be observed. 

Among the Echinoderms, the Crinoids — one of the most im- 
portant types of which is the stalkless genus Marsupites (LVII. 
3), — and Astemids were of little importance in Cretaceous times 
in comparison with the numerous and varied Echinoids. 

Among the Regular Sea-urchins the genera, Cidar is, Acrocidaris 
and others are important forms which reach from the Jurassic to 
the Cretaceous. In the latter, these forms, like the small genus 
ScUaiia (LVIII. 4), which now appears for the first time, are 
especially widely spread in the true chalk. The Irregular, or 
Hymmetric^l Sea-urchins are still more important on account 
of their great abundance, and among them especially the Spatan- 
gidse, characterized by their more or less heart-shaped outline. 
This group includes in the Lower Cretaceous, the genus Toxasfer 
{T. coviplanatus [LI. 4], Neocomian); in the Upper, Holaster^ 
Ananchytes = Echinocotn/s (A. ovata [LVIII. 3], very common in 
the Senonian), Ilemipneustes, Cardiaster, Infulaster, Epiaster 
and especially Micraster {M. cor anguiniim, M, cor testitudinarium 
(LVIII. 2], M, glyphus, etc., in the Turonian and Senonian). 
Of other Irregular forms, Galerites = Echinoconus, (G. albogalerus 
(LVI. 7], G. vulgaris, etc., abundant in the Turonian and Senonian), 
and Discoidea {D. cylindrica [LIV. 4] in the Cenomanian), should 
be mentioned as especially important. 
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t The Bryozoa are very richly developed, especially in the true 
chalk, but also near Maestricht, in the Essener Greensand and else- 
where. 

The Brachiopoda are on the whole like those of the younger 
Jurassic. TerebratiUa and Rhynchonella are here also the most im- 
portant genera. The ancient genus Crania (LX. 2) is distinguished 
in the latest chalk deposits by greater richness in species than in 
.any other formation. Argiope and Thecidium (LX. 3) are also 
relatively abundant ; and the extremely long-beaked genus Lyra, 
the Orthis-like Trigonosemiis, etc., are peculiar to the Cretaceous. 
; Among the Lamellibranchs there should be mentioned as char- 
acteristic of the Chalk, large oysters, especially Gryphaia (6r. vcsi- 
ctdaris [LIX. 4] Senonian), and Ejcogyra {E. couloni [LI. 3] Neoco- 
mian, E, columba [LV. 1] Cenomanian) ; among the Pectinidse,. the 
genera Vola and Neithea (quinquecostata [LVII. 4] Upper Creta- 
ceous) characterized by great- inequality of the valves and by 
radial ribbing; and the widespread genus Inocerannis with 
many type species (LII. G ; LVI. 5, 6 ; LVIL 2 and 5) is also an 
important form. But the most remarkable Cretaceous forms are 
the i^eculiar Riulistcs, limited entirely to the Cretaceous {Ilippu- 
rites [LXI. 3] RaiUolites, Spherulites [LXI. 4] — the first two only 
in the Upper, the latter in the Lower Cretaceous), with shells like 
thick funnels with lids. The remarkable horn-shaped Rcquicnia 
-(R, ammonia [LIII. 2], and others in the Lower Cretaceous), 
-Caprina (LXI. 2) Monopleura (LIII. 1), and other genera of the 
iamily Chamidae, belong exclusively to the Cretaceous. 

Among the Gasteropods the genera Actoiom'Ua (LXI. 5) — thick 
forms like Conus but provided with columellar folds — and Glau- 
4^onia or Omphalia (LXI. 6) should be mentioned as charac- 
teristic of the Equatorial Region ; but like the Rudistidae, they 
are represented only by scattered forms in Central Europe. In 
the newest Cretaceous beds a number of genera such as Cypraaa, 
'Conus, Voluta, Fusus, Mitra, Murex and others occur, which give 
to these' deposits a tertiary character. 

The Cephalopoda are much more important than the Gastero- 
pods. We find here the last Ammonites and Belemnites. The 
former are characterized especially by the great number of forms 
with free whorls {Crioceras [LIII. 3]) or with hooked, staff-shaped, 
or turreted shell {Hamiies [LII. 4], Baculites [LIX. 3] Turrilifes 
[LII. 3], and allied forms), or shell of some other form {Scaphites 
■[LVI. 2]). Among the regularly formed genera are Iloplites ([LI. 1; 

c. G. Y 
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LII, 2], L. Cret., richly ornamented, tolerably strongly involute 
shell with forked ribs and distinct dorsal grooves), Haploceras and 
Dcfnnoceras (L. Cretaceous, smooth shells with rounded whorls)^ 
Acanthoceras ([LII. 1; LIV. 1], L. and U. Cret, angular thick 
shell with stiff, often tuberculate ribs), Schlonbachia ([LIV. 2]^ 
L. and U. Cret., with sharp keel and strong forked and tuberculate 
ribs), Buchiceras ([LXI. 1], only U. Cret. of the Equatorial Region ; 
disc-like form with Ceratite-like sutures), Pachydiscus ([LVI. 1], 
Turonian, Senonian, very large swollen shells), are the most im- 
portant. In the Lower Cretaceous of the Southern Province, the 
remarkably long-lived genera Pliylloceras and Lytoceras are still 
found in tolerable abundance. 

Among the Belemnites the laterally compressed flat forms 
(Duvalia [LIU, 6]) are characteristic of the L. Cretaceous of 
the South ', the forms of the group Absoluti (distinguished by their 
siphonal canal) and Exccntrici (with very excentric alveolus) for 
the Xorthem Cretaceous. In the U. Cretaceous, instead of the 
true Belevinites, the genus Beleinnitella {B. mttcronata (LIX. 1]^ 
a widely spread type fossil of the youngest Cretaceous) occurs^ 
and its sub-genus Actinocaynax {A. quadirttus [LVIII. 1] in the 
Senonian Quadratus Chalk). 

The genus Nautihis is represented in part by numerous, often 
very large, species, especially in the U. Cretaceous. 

Among the Crustacea the strong development of the Brachy- 
urous Decapods {Dromiopsis, etc.) in comparison with the Ma- 
crurous forms (among which Calianassa is specially abundant) 
is noticeable. 

Passing on to the Vertebrata we see that among the fish the 
Teleostei (bony fishes), which are still scarce in the Jura, for th& 
first time become abundant and various, especially in the Upper 
Cretaceous. Some specially important localities in Westphalia, 
and Lebanon have alreadv been mentioned. 

Among the Reptiles we meet in the Cretaceous with the last 
Ichthyosaurs, Plesiosaurs and Pterosaurs, the latter of which wer& 
represented in the Cretaceous of Kansas in North America by a. 
large toothless form with a span of ten feet {Ptcranodon),. 
Chelonians and Crocodiles— among which Goniopholis is a char- 
acteristic form — were richly represented, and in part by peculiar 
forms.^ Among the most peculiar of the Cretaceous reptiles were 

* Koken, " Dioosaurier, Crocodiliden u. Sauropter^'gier d. nordd. Wealden. 
Palaont. Abh." (1887). 
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the gigantic 8iiak&-like Pythonomorpfan. Their remains are especi- 
ally nameroaa in the Cretaceons of KaDBan. Of European forms 
the well-bnown gigantic MosagattruB from the Tuff Chalk of 
Maestricht belongs to this group. North American species of this 
genns reach 70 feet in length, A not leas interesting and also com- 
pletely extinct reptilian order, the Dinosanrin, reaches its greatest 



Via. Ml.- Tooth of the nam* with Bcnu of miccperlliiK tooth. Kiilargad about B time). 

<levelopment in the Cretaceous, and was represented especially 
by the genua Igvanodon (L, 1). Formerly this group was known 
only from incomplete remains from the English (and German) 
Wealden ; but not long ago a number of complete skeletons, now 
preserved in the Brussels Museum, were found in one of the Cre- 
taceous Masses, sunk in the Carboniferons rocks, near Berniasfirt,^ 
' Doilo, " Bull. Musee roy. d'hist. nat. de Belgique," 1882, 1388. 



824 III. — MESOZOlC OE SECONDARY GRODP. 

Eeacbing more than 30 feet in length, these mighty animals 
*ere characterized by the enormonB strength of their hinder ex- 
tremities and of the long tail, and by the very bird-like appearance 
of the pelvis. The epoon-shaped, two-edged teeth with oblique 
grinding snrface and zig-zag borders are very characteristic of this 
genns. 



A remarkable feature of the higher Cretaceous fanna is the 
occarrence of toothed birds in the Cretaceous of Kansas, described 
by Marsh' as Odontomithes. It is of special interest that these 
forms, though they share with Archeeopta-yx the archaic toothed 
jaw and biconcave vertebrse, may be separated, perfectly clearly, 

' Odontomithes, » monograph on the extinct toothed birds of North 
America. " Report geol. explorat of the 40th parallel," vii. (1860). 
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into two groups — the same as those of the present day — viz. the 
ronning and the flying birds. To the former belong Hesperornis 
(Fig. 43) about the size of a stork, with unkeeled breast-bone, 
rudimentary anterior extremity consisting only of a stump of a 
humerus, massive bones, and no pygostyle (ploughshare bone). 
To the flying birds belonged the Ichthyomis (Fig. 44), about the 
size of a sea-gull, with large keeled breast bone, pneumatic bones, 
well developed anterior extremity and pygostyle. 



IV. NEOZOIC GROUP. 

I 

The Neozoic or Kainozoic group of systems includes all those 
formations which, beginning after the deposition of the chalk, 
belong to the youngest age of the earth's history, the recent 
period. The deposits of this long period of time are divided into 
two great systems, namely an older, or Tertiary, and a newer or 
Quaternary. 

The boundary between the Neozoic and Mesozoic groups is 
almost everywhere very sharp. Indeed, there is scarcely any 
other division in the history of the earth which is so important 
and so natural as that between the Chalk and the Tertiary'. This 
is connected with the fact that at the close of the chalk age a 
change tx)ok place both in the distribution of land and water and 
also in the development of organic life, so great and universal, that 
it has scarcely been equalled at any other period of the earth's 
geological history. Hand in hand with great earth movements, 
there took place vast eruptions of igneous rock, the great abun- 
dance and extent of which in the Tertiary beds stands in striking 
contrast with their almost complete absence in the Cretaceous 
deposits. Like those of the present time, these eruptive rocks, with 
the tuffs accompanying them, have in most cases originated from 
volcanoes and craters, and consist of Trachytes, Rhyolites, Ande- 
sites, Basalts, and others, differing in no way from those of the 
present day. 

The sedimentary deposits of the Neozoic period are distin- 
guished from those of the older formations by their usually loose 
and unconsolidated character. It is only in the Lower Tertiary 
that there are found in some areas hard limestones, quartzitic rocks 
and slates like those of the older periods ; but usually soft crumbly 
limestones, marls, clays, sands and conglomerates are the predomi- 
nating rocks. It is also to be remarked that, among the marine 
deposits, deep-sea formations comparable with the chalk or the 
Globigerina ooze of our present oceans, are practically unknown 
among the Neozoic rocks. They are, on the other hand, more 
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generally shallow-sea or coastal formatious. Along with these 
marine deposits, however, from the beginning of the Tertiary 
period, estuarine, fluviatile, and even sBolian or other terrestrial 
formations (such as the moraine deposits of the drift) play a con- 
siderable part. 

The lie of the Neozoic beds is in general undisturbed, like that 
of the Mesozoic rocks. As a rule they are still nearly hori- 
jsontal. Only the beds taking part in the formation of the gi'eat 
mountain chains form exceptions to this. PalsBontologically the 
deposits of the last great geological periods are characterized by 
the more or less complete absence of the large marine saurians, 
Dinosaurs and Pterosaurs, etc., so abundant in the Cretaceous ; of 
Ammonites and Belemnites, Kudiste% Inocerami, Trigonias, etc. ; 
by the marked reduction in the Brachiopods compared with the 
now richly developed Gas teropods and sinupalliate Lamellibranchs ; 
by the abundance of short-tailed Decapods and bony fishes ; by the 
-development of snakes and normal birds ; before all by the sudden 
<so far as our present knowledge goes) appearance of placental 
mammals, and lastly, in the drift, of man. 

The Neozoic flora consists mainly of Angiospermous Dicotyledons 
^nd Monocotyledons, and belongs to the third and last Vegetation 
Age of Ad. Brongniart, the age of Angiosperms. 



A. TERTIARY SYSTEM. 
(iEXEnAL AND UISTOHICAL, 

The Tertiary System is widely spread over all parts of the earth, 
but petrographically and palseontologically it is very variously de- 
veloped. That among the deposits belonging to it, true deep-sea 
formations are as good as absent, and that the great mass of the 
beds consists of coastal or shallow-water deposits, has already 
been mentioned. Also the manifold alternations of marine with 
brackish and fresh-water deposits to be observed in all the 
large Tertiary areas have already been noticed. This very char- 
4icteristic appearance is certainly explained in many cases by 
the great number of earth movements during the Tertiary period. 
One and the same part of the earth's surface was during one 
phase of this period the floor of the sea, and was then covered by 
marine sediments ; during the next phase it was again land, 
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I 

and • then was covered by the brackish and shore deposits of 
lagoons, fresh- water lakes and marshes formed on this new land ; 
whilst at a still later period, in consequence of another invasion 
of the sea, mariDO sediments were again laid down on the last. 
In other cases, this manifold alternation of marine and terrestrial 
deposits is connected with the fact that, as already noticed, mucli 
of the Tertiary was formed in basins near the sea coast, wherfr 
even without any great vertical oscillation, changes in the mutual 
relations of the land and sea would easily occur, and the latter 
could for a time invade an area which it might not be able tO" 
master permanently. 

The very numerous changes of facies among the Tertiary de- 
posits, reflecting similar variations in the local conditions, are. in 
the most intimate connection with these circumstances. It is these 
also that have brought about the relatively restricted distribution 
of most of the Tertiary deposits, which no longer extend unaltered 
over whole countries like those of older Systems, but generally 
occupy only smaller basin or bay-like areas — ^filled up inland seas 
or shallow gulfs. 

The restricted extent of the Tertiary deposits explains the great 
difficulty which accompanies attempts at the exact correlation of 
the beds of the various basins. The method which has so far been 
used with great success for the determination of the age of 
separated deposits, namely the observation of their stratigraphical 
relations, is usually not applicable. We are therefore forced to 
make use of another, indirect, method, and that is the comparison 
of the marine shell fauna with that of the neighbouring seas of th& 
present day. 

Our knowledge of the Tertiary formation is relatively new. 
Until the beginning of this century geologists had united the loose 
sands, marls and plastic clays of which the Tertiary of so many 
areas is composed, and which were scarcely considered worthy of 
observation, with the alluvial and other deposits of recent times. 
It was in the first two decades of our century that the researchea 
of Gr. Cuvier and Alex. Brongniart * on the environs of Paris,, 
showed the existence of a considerable and very fossiliferous seriefr 
of deposits which are proved by their fauna, now extinct, to be equally 
distinct from the underlying Cretaceous and the overlying drift 
and alluvial formations. The numerous remains of mammals, in- 

* **Essai 8.1. Gtographie min^ralogique des environs de Paris," 1810— 
11. 2nd ed. 1822, 3rd ed. 1885. 
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cluding'some forty distinct species, of the series, to which these two 
savants gave the name of Tertiary, were described by. Cuvier 
in his famous work, bearing the title " Recherches sur les 
ossements fossiles de quadrupedes." ^ The beautifully preserved 
shell fauna, including several thousand species, was worked out by 
Lamarck ^ and later by Deshayes.* Among the Lamellibranchs 
scarcely a single living species is found, and their nearest living 
allies live in tropical seas. 

After the Parisian deposits the very similar Tertiary rocks of 
the S. E. of England were next studied, then those of Italy and S. 
Prance, both of which also include a very rich marine Lamelli- 
branch fauna, which however is much more nearly allied to the 
living. This is true especially of the so-called Sub-Apennine^ 
so widely spread in Italy on the borders of the Apennines from the 
Po t/) Calabria, the molluscan fauna of which, consisting mainly of 
recent species, was made known by Brocchi.* The fauna of the 
region of Bordeaux and Dax stands, according to the number of 
still living species, between the Parisian and the Sub-Appennine 
formation, and has been described by Baaterot.'* Al. Brongniart^ 
in the meanwhile had occupied himself with other older Italian 
Tertiary deposits, which also included an abundance of organic 
remains, and recognised them as the nearest to the well known 
Parisian beds. 

By a comparison of all these faunas with one another and with 
the faunas of the present sea, Deshayes arrived at a general clas- 
. sification of the Tertiary formation.^ He established the position 
that the age of a Tertiary deposit can be decided by the percent- 
age of living species occurring in it. The older a fauna is, the 
smaller is the number of recent species in it ; and the newer the 
fauna the greater the number. Following out this idea. Sir C. Lyell 
proposed a division of the Tertiary deposits into three groups, 
the names of which he based on the number of recent species 
occurring in these groups.^ They are from above downwards : — 

» FAs. 1812, 1821-25, ia%. 

2 "'Mem. 8. 1. fossils d. envir. d. Paris," 1818-22. 

* "Descr. des coquilles foss. d. environs de Paris/' 3 vols. (1821-37). 

* " Conchiliologia fossile sabapennina," 1814. 

* " Descr. d. coqu. foes. d. envir. d. Bordeaux," 1825. 

* "Mem. s. 1. terr. de s^im. sup^r. calcareo-trappeen dii Viceutin,** 
1828. 

7 "Bull. Soc. geol. d. France," 1880. 

** App. to vol. ii. of the "Principles of Geology," 1st ed. 1882 - 
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1. Pliocene * = Sab- Apennine deposits and English Crag with 
35-50 p.c. of living species. 

2. Miocene ^= Deposits of the T^ire and Gironde area (Bor- 
deaux, etc.) with 17 p.c. of living species. 

3. Eocene ^ = Anglo-Parisian basin and Vicentine region, with 
only 3 J p.c. of living species. 

For the sake of completeness, it has already been remarked that 
A fourth, the Pleistocene,* division has been added to these three for 
the still younger deposits of the Quaternary System. This should 
contain 90-05 p.c. of living shells and also a fauna almost agree- 
ing with that of the present day. Although the principle underly- 
ing this classification has in progress of time proved in the main 
accurate, the percentages of living species originally adopted by 
Lyell for the various groups have not remained firm. Thus for the 
Pliocene we must take 40-90 instead of 35-50, and for the Miocene 
10-40 instead of 17. 

The researches carried out about the middle of the century by 
E. Beyrich on the N. German Tertiary, and the comparison of these 
deposits with the French and Belgian Tertiaries, finally showed 
the necessity of intercalating a fourth division for a series of form- 
iitions developed in Brandenburg, between the Eocene and Miocene.* 
This division bears the name of Oligocene, and is now generally 
looked upon as a fourth group of the Tertiary System. If like 
M. Hornes we unite the two upper divisions, which resemble one 
another in faunas, as Neogene, and the two older as Palaeogene 
<or Eogene), we get for the whole Tertiary the following classi- 
fication : — 

T» ft.1 •»•_*• ft.1 i 2. Pliocene 

B. Newer Tertiary or Neogene|| Miocjene 

A. Older „ ,. PaI«ogene(f:af>« 

Mayer-Eimar has recently attempted a much more detailed 
division ; but the groups proposed by him (^Garumnien, Saessonien, 
Londinien, etc.) have found so little acceptance that they will not 
be considered here. 

* Derived fi-om «ratv<^ (new), and irXcUw (more), fiduv (less), ^m (the dawn 
— of the new era). Oligocene from Kcuyds and 6\iyoi (few) ; Pleistocene from 
Koufit and xXeiaroi' (the most). 

 Ueber d. Stellung der hessischen Tertittrbildungen. "Monatsber. tl. 
Berl. Akad.'' (1854), p. 040. See also Beyrich, " Ueber d. Abgtenzuug d. 
4>ligocftn. Tertiftraeit.'' JbitL (1858), p. 51. 
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The distribution of land and water in Tertiary times was very 
different from what it is to-day. This is shown at once by the 
fact that daring the first section of the period a large ocean 
:stretched from the Atlantic over the present Mediterranean 
into the Himalayan region, and that probably daring the whole 
Tertiary period there was a land connection between North 
America and the Old World, throngh Iceland and the Faroes with 
North West Europe, and across the present Behring's Straits with 
North-East Asia. A number of facts also tell in favour of a 
former connection between India and Africa, probably also be- 
tween the latter and South America, and very probably there was 
^Iso one during the older Tertiary periods between Australia and 
.South-East Asia. A map of the Tertiary continents and oceans 
would thus present a very different appearance from that of the 
present time. Moreover, it will be shown below that the dis- 
tribution of land and water during the progress of the period 
changed repeatedly and gradually became more like that of the 
present. 

It should further be mentioned that the Tertiary period was the 
•epoch of the most considerable mountain making on our earth. 
The piling up of the Alps, the Carpathians, Apennines, the 
Caucasus, Atlas, Himalayas, the Cordilleras of North and South 
America and many other of our highest mountains took place to 
^ large extent in Tertiary times. How great in many cases 
%he amount of the elevation has been since the beginning of the 
Tertiai-y period — or perhaps, more correctly, the amount of the 
.general sinking of the sea since that time — is shown by the fact 
that the old Tertiary Nummulitic beds have been raised in the 
West Alps to a height of 11,000, in the Himalayas to 16,000 feet 
above the sea. 

Finally, as for the climatic conditions of the Tertiary period, 
•these also have undergone great change during its progress. We 
have already learnt in the account of the Jurassic and Cretaceous 
that climatic zones were not, as was often supposed, first formed in 
the present period of the earth's history, but were much earlier 
•<leveloped. In the Older Tertiary, as is shown by both the Lamelli- 
branch fauna and the flora, the climate of Central Europe was 
•decidedly tropical. Later there was a gradual decrease in tempera- 
ture, so that at the close of the Tertiary period in our area it was 
•only a little warmer than at present. 
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OLDER TERTIARY OR PAL^OGENE. 

1. Eocene. 

.As already noticed, the conclusion of the Cretaceous period wa» 
succeeded almost all over the world by a retreat of the sea. In 
consequence of this the deposits of the oldest Tertiary and Eocene 
everywhere occupy 'a considerably smaller area than the Chalk. 
In Europe two great Eocene regions may be distinguished. The 
first includes the marine deposits in South England, North France 
and Belgium, and is known as the Anglo-Grallic Eocene area. That 
these deposits were formerly of a greater extent, is shown by the 
isolated masses of marine Eocene in Brittany and near Copen- 
hagen', and by the Eocene fragments occasionally found in the 
drift of South Sweden, Bornholm and North G-ermany. The 
second, the South European or Alpine Eocene area, is much more 
extensive. It takes in the whole of South Europe, including 
the South and South-West of France, the Alps and Carpa- 
thians, and stretches to the south far into North Africa, into the 
Sahara, Lybian Desert and Egypt, while it reaches to the east 
over the Caucasus, Asia Minor, Arabia and Persia, into the region 
of the Tianshan, Himalayas, and further through Java and 
Sumatra to Borneo and the Philippines. Thus there existed in 
the Eocene period a wide sea connection between the Atlantic and 
Pacific Oceans, the " Mittelmeer," or Central Sea of Neumayr, of 
which the present Mediterranean appears to be the last remnant. 
Still the whole of this area was not open ocean ; the Alps, part of 
the Carpathians and Apennines, etc., rose as more or less extensive 
islands above it. 

The Parisian Tertiary basin, ^ where, as already mentioned^ 
the study of the Tertiary rocks commenced, is formed by a thick 
series which is by no means marine throughout, but contains 
numerous intercalated brackish and freshwater deposits. Only 
the lower part of this belongs to the Eocene, the upper on the 
other hand to the Oligocene. Of the abundant gasteropods and 
bivalves, the total number of which may be estimated at two and a 
half thousand, the genera Cerithium^ Pleurotoma and Fustis pre- 
dominate in richness of species. Cerithiwni giganteum^ nearly 
half a yard in length, is one of the largest known gasteropods. 
The whole series may be classified as follows : — 

* La voile, *• Guide du gtologae dans le tertiaire Parisien," Paris, 1890. 



— TKRTIAaY 5YBTEX. 



ri.in LSII.— Enoms UoUun. 
S. CydMndHmiiakolo, Ll 9. Ctriii (=Fim.br,«) ldinftlHa,I«. 



IV. — KKOZOIC GROUP. 




\.^^J 



ri LXIII.—Edcciu: UoIIuks. 



Ai — TERTIARY SYSTEM. 335^ 

Upper Eocene. 

Sand of Beanchamp or Sable moyen. A marine sand 15 
meters thick, very rich in fossils. Even here Nummnlites are not 
absent. Freshwater limestones occur locally (Galcaire de St. Ouen> 
with Limtuca lon^iscafa. At the top is the horizon of Cerithiuni. 
cottcavum. 
Middle Eocene. 

Coarse limestone (Ca lea ire grossier). This, the best known and 
most foesiliferoas groap of the Paris Eocene, is a limestone, some 30 
m. in thickness, sometimes sandy, sometimes marly, sometimes glau- 
conitio, filled with marine shells. It is the stone of which Paris is- 
built. The lowest beds are full of Nummulites {Iceviffotus [LXIV. 6],. 
s<nber) oysters, Echinodei'ms, Cerithinm giganteum; the middle contain 
numerous foraminifera of the group Miliolidee, Turritdia imbrioataria, 
Fusu» hulbiformis (LXII. 2), F. XocEj Cohus deperditttt^ Cctssis canceil^Ua^ 
a&rbis lamdlosa (LXII. 9), Cardium pomlmnm^ CardUa planicoata^ 
Crassatella ponderosaj and many others ; in the uppermost beds are 
numerous Gerithia (PL LXIIL), etc. Grignon is one of the chief 
localities. 

Sand of Guise, up to 50 m. thick, fossilif^rous marine sanda. 
Along with Xerita conoidea, TurrifeUa hyhriday and others, Nummulites 
2}laHuleUtts is especially noticeable. 
Lower Eocene. 

Plastic Clay (argile pltistiivue) and Brown coal (lignite) of Soissons- 
with freshwater shells. 

SandofBracheux. At the base, freshwater shells (Physa gigantea 
' [LXII. 7]), and the oldest ivmains of mammals {Arctocgon^ etc.) — Bed» 
of Rilly ; above, mariiu^ forms (Ostrea heliovacina, etc.). 

Marl of Me u don. A very restricted fi*esh water formation lying 
directly on the S<*noiiinn Pisolitic Limestone. 

The Belgian Eocene shows a similar development. Its com- 
position at its chief localities has been described by A. Dumont. 
The names, Syst^me Heersien, Landenien, etc., for the various 
groups originated with him.* The lowest group of the whole 
series is the Montien, the "calcaire grossier" of Mons, which 
rests directly on the newest Senonian, contains some Cretaceous 
sea-urchins {Cidaris Tombecid and others), and numerous Tertiary 
fossils. It is equivalent to the Marl of Meudon in the Paris basin. 

In the London Basin, the continuation beyond the Channel of 
the Paris Basin, the equivalents of the limestone of Mons are 
absent. The oldest Tertiary bods, the Thanet sands, lie directly 
on the strongly denuded chalk, and are of much the same age as 
the sands of Bracheux. 

In detail the classification of the Eocene part of the series is as 
follows : — 

1 See Mourlon, " Geol. de la Belgique " (1880). 
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Upper Eocene. 

Lowe-r Headon Hi 11 bedswith Cerithium cotuutvum. 

Barton Clay. A clay up to 100 m. in thickness, with Nummulites 
{variolariusj etc.) and [other marine remains, corresponding with the 
Sand of Beauchamp. 
IVIiddle Eocene. 

Bagflhot and Bracklesham beds. The former consists of some 
200 m. of almost unfossiliferous sands lying on the London Clay ; the 
latter of clays and sands developed only in Hampshire, which contain 
a marine fauna {CerUhiunh (/iyanteum^ Turrltella imf>ricataria, Conus 
deperdituSj Cardita planicostaj NummulUes Icucif/atus [LXIV. 6], etc.), 
agreeing with that of the calcaire grossier. 

London Clay. This well known group of the English Eocene 
<x)usists of a fine clay, sometimes 200 m. thick, which contains accumu- 
lated remains of plants, reptiles, etc., and especially a rich gasteropod 
fauna (species of Flenroioma^ Fusus^ Conus, etc.), and like other similar 
Pleurotoma clays has been formed at a depth of some 200 m. 
l.ower Eocene. 

Woolwich and Beading beds. Brackish estuarine sands and 
clays with Melania inquincUa, Vifrena cuneiformiit, Cerithiunij etc. 

Thanet sands. Marine sand wi th Cyprhia Morriitii, etc. 

It should be remarked, that in recent times v. Koenen, follow- 
ing the lead of Schimper, has proposed to separate the beds lying 
below the London Clay and the French Sands of Caise with their 
equivalents, and all the deposits classified above as L. Eocene, 
under the designation Palseocene as a special group of the Tertiary- 
System distinct from the Eocene.* 

In conclusion we give a comparative table of the development of 
the Eocene in the chief areas of the Anglo-Gallic basin : — 



Paris BaHin. 



Bel^rian 
Gulf 



London Basin. 



, Sand of Beauchamp ! ^ -r^ i -.t-,, , i 

J T- i. / vir T L. Headon Hill beds. 

Upper Eocene. and Limestone of Wemmehen. . 3^^011 Clay. 

St. Ouen. "^ 



Middle Eocene. 



Lower Eocene. 



Calcaire 

gi*08sier. 
Sand of Cuise. 



Plastic Clay and 
Lignite of Soissons. 
Sand of Bracheux. 

Marl of Meudon. 



Laekenien. [ Bagshotand 
Bruxellieu. Bracklesham beds. 

Paniselien. -r i i-ti 

^ . I London Clay. 
Ypresien. •^ 



liandenieu. 

Heersien. 
Montien. i 



Woolwich and 

Heading beds. 

Thanet sand. 



* " Ueber eine paleoc&ne Fauna von Kopenhagen " (1886). 
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The development of the Eocene in Southern Europe is very 
different from that in the Anglo-Gallic Basin, and this difference is 
expressed in the rocks themselves. They are not, as in North Europe, 
loose in texture ; but — clearly on account of the strong dislocations 
to which the beds in question have been subjected in the mountain 
chains of South Europe — are hard, compact limestones, sandstones, 
and slates such as in North Europe are usually met with only in 
the older formations. Palseontologically the South Eocene beds are 
in the first place characterised by the abundance of Nummulites, 
gigantic disc-shaped Foraminif era chambered internally in a compli- 
cated fashion (LXIV. 4-7). Appearing in older formations, these 
forms suddenly attain a very great development in the beginning of 
the Eocene period, so that they form massive systems of limestone; 
but in the Oligocene period they again become reduced in numbers. 
The marine fauna of the South Eocene area is also distinguished by 
the relatively large size of its shells, by the presence of reef-build- 
ing corals, and by the great abundance of sea urchins. In France, 
•especially at Biarritz at the foot of the Pyrenees, and near Nizza, 
very fossiliferous Nummulitic beds are known; and in Switzer- 
land, at Appenzell and in the neighbourhood of Einsiedeln. In the 
Bavarian Alps the oolitic red ironstone of the Kressenberg near 
Traunstein has long been famous for its fossils, including numerous 
Nummulites (N. complanatiis^ N, perforatus^ etc.), Conoclypus 
conoideus (LXIV. 1), Cerithium giganteunijNerita conoidea, Ostrea 
Jlahellata and other species of the Parisian Calcaire grossier. The 
limestones and basalt tuSa of Ronca and other places in the 
Vicente -Veronese Alps are still richer in well-preserved 
shells, sea urchins, crabs and corals. The calcareous schist of Monte 
Bolca also, famous for its rich fish fauna, belougs to the same series. 

The Nummulitic formations of North Africa and India are 
characterised by still greater richness in fossils. In Egypt, 
where the Nummulitic Limestone has yielded the chief building 
material for the pyramids, the Mokattam, near Cairo, is especially 
well known as a locality for well preserved sea urchins and crabs; 
and the abundance of fossils in the Libyan Desert, studied by 
Zittel, must be very astonishing. These latter are of special 
interest from the fact that, according to this observer, there is a 
perfectly gradual petrographical and paleeontological passage, un- 
disturbed by any uncomformity, from the uppermost marine Chalk 
into the old Tertiary beds in question.^ 

» " Beitrage z. Geol. u. Palaont. d. libysch. Wtlste," 1888. 
C. G. Z 
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This calcareous development is accompanied in the South Eocene 
region by a very different facies, sandy and shaly in character — 
the so-called Tlysch of the Swiss Alps or Macigno of the 
Maritime Alps and Apennines. This consists of extraordinarily 
thick and uniform grey sandstones and shales, which contain 
scarcely any organic remains except fucoids. These rocks occur 
in intin^ate connection with Nummulitic beds throughout the Alps 
and in the Apennines ; and they are largely developed in the 
Carpathians, in Istria, Dalmatia, Bosnia, Greece, Asia Minor, the 
Caucasus, and further east throughout South Asia to California 
and the West Indies. They represent not only the Eocene, but 
also, without however showing any definite separation into two 
series, the Oligocene. As already noticed in the account of the 
Uppermost Chalk of the South, the Flysch sandstone of the 
Lower Austrian Alps, Carpathians, and other areas, appears to 
represent not only the Older Tertiary, but also the greater part, or 
it may be the whole, of the Cretaceous Formation. 

In North America also, the Eocene series is very widely 
spread. Its marine development is represented by the so-called 
Alabama beds, which are of great extent, especially in the state 
of that name and in the states bordering it on the east. Still 
more interesting, however, is the great lignite bearing fresh and 
brackish water formation known by the name of the Laramie 
beds, which has been traced up to 4,000 feet in thickness on both 
slopes of the Eocky Mountains from Mexico to British Columbia. 
Among the most characteristic fossils of these deposits, which are 
supposed to be in part of Cretaceous age, are the Gasteropod genera 
Pyrgulifera and Physa (the latter occurs in the Paris Eocene), alsa 
Melania, species of Melanopsis, Paludina^ PlanorbiSj Unio^ 
Cyrena, and other freshwater forms, Ostrca glabra^ etc. Between 
the Bookies and the Wahsatch Mountains, in the waste known as 
the Bad Lands, similar, but, as it seems, somewhat newer, Eocene 
marine deposits contain numerous remains of mammals, especially 
of Dinoceras (see p. 352). 

II. Oligocene. 

Germany, with the single exception of the part included in the 
Alps, was land during the Eocene period, but with the beginning 
of the Oligocene a great part of the north of the country was 
overflowed by the sea. From' the shores of the present Baltic and 



340 IV.— NEOZOIC GROUP. 

North Seas it stretched at least to the neighbourhood of Stargard, 
Frankfort on the Oder, Cottbus, Leipzig and Aschersleben ; and 
round the Harz in a deep gulf to beyond Gassel ; thence it spread 
beyond Lemgo, Osnabrtlck and DUsseldorf, and over the Nether- 
lands and Belgium'into connection with the Anglo-Gallic marine 
basin. The sea which extended over South Europe during the 
Eocene period, continued also during the Oligocene ; indeed from 
North Switzerland it invaded the plain already existing at that 
time on the Upper Rhine, and filled this to the neighbourhood 
of Frankfurt and Wiesbaden. In the period of the greatest 
extent of the ocean, during the Middle Oligocene, there was 
very probably a direct connection between the north and south 
seas in the form of a narrow arm reaching from Gassel past 
Ziegenhain, Marburg and the region of the present Vogelsberg, 
to Frankfurt. 

The study of the Oligocene commenced in the neighbourhood of 
Berlin, where in 1847 a clay very rich in marine fossils, especially 
species of Pleurotoma, was discovered at Hermsdorf. This 
Septaria Clay (so called from the numerous septaria in it, — 
large calcareous concretions with internal radiating cracks), to- 
gether with the corresponding Belgian deposits (the Rupelien 
superieur of Dumont), was made by E. Beyrich the central 
division of the Oligocene, the Middle Oligocene. To the Lower 
Oligocene were referred the Clays of Latdorf, not far from 
Bernburg, and of Egeln near Magdeburg with a marine fauna 
which resembles in general character that of Hermsdorf, but con- 
sists in great part of other species, and corresponds exactly with 
that of the Belgian Tongrien inferieur (chief locality Klein- 
Spauwen). Lastly the Upper Oligocene includes the marine sands 
of Neuss, Krefeld and other places in the Hhine area, also 
those of the Doberg near Btinde (not far from Herford) in West- 
phalia, of Cassel and the so-called Sternberg Kuchen. The 
last are calcareous sandy, ironshot concretions filled with shells, 
which are very abundant as diluvial fragments, especially in the 
neighbourhood of Sternberg in Mecklenburg, and have long been 
known there, whilst the original rock was first discovered in situ 
a short time ago in the neighbourhood of Parchim. In Belgium 
the Upper Oligocene is not represented. 

Thus the Oligocene deposits of North Germany and Belgium 
may be classified as follows : — 
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North Germanj. 


Belgiam. 


U. Ollsroeene. 


Sternberg Rock. 
Sands of Gassel, Bunde, etc. 


■H^ 


H. Oligoeene. 


Septaria (Rupel) Clay 
and Stettin Sand. 


Clay of the Bupelien, sup. 

Sand „ ,,- inf. 

Tongrien sup^rieur. 


L. Ollgocene. | Clays of Egeln-TAt^orf. 

1 


Tongrien inf^rieur. 



With respect to this table it is to be remarked that the 
Stettin Sand is a local sandy equivalent of the Septaria Glay, 
occurring also at Magdeburg and Sollingen in the Brunswick area. 
The term Rupelthonis equivalent with Septaria Clay and was 
formed by A. v. Koenen in imitation of the name Kupelien of Dumont. 

The Belgian Oligocene, which is in general very similar to that . 
of North Germany, is distinguished from the latter by the fact 
that instead of being exclusively marine, it is formed of an alter- 
nation of marine and freshwater formations. Another difference 
is that the Belgian Oligocene is intercalated between the marine 
Eocene and Miocene, a circumstance which is of the greatest 
importance for a complete comprehension of the stratigraphical 
position of the Oligocene and its relations to the older and newer 
Tertiary deposits. 

In Germany the series is nowhere so directly underlaid and 
overlaid by marine beds. The Oligocene is here the oldest known 
Tertiary and the great denudation of the generallj^ very restricted 
Tertiary outcrops, which only rise up here and there through the 
thick covering of drift, makes the determination of their connec- 
tion and mutual stratigraphical relations very difficult. In most 
places only a single horizon is represented. The Doberg area is 
an exception, for there Lower, Middle and Upper Oligocene are 
present ; and recently deep borings carried out in the March have 
sunk through all these series. 

The following ideal section (Fig. 45), based mainly on the results 
of the deep borings, gives an idea of the lie and composition of the 
Oligocene beds in the March of Brandenburg.^ 

* See G. Berendt, " D. Tertiar i. Bereiched. M. Brandenburg." Sitzungsber. 
d, Berl. Akad, (1885). — "Die bisher. Aufschltisse d. m&rk.-pommer^schen 
Tert. Abh. d. preuas. geol. Landesanst." (1886). 
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In the March and thronghout North Germany, the Septaria 
Clay is the most -widely spread of these deposits (Hermsdorf, Bao 
kow,Freienwalde, and Joachimsthal are well-k now u fossil localities). 
One of the most important type fossils,' which occurs in Belgium, 
Hesse, and in the Mainz basin, is Lcda Deshayesiana (LXY. 6); 
besides this, Nucula Chasteli, Axinm obtusus, A. unicarinatus, 
Pleurotovia SelysH, P. scabra, P. turbida, P. rcgularis and others, 
J^su« Konincki, F. viultisulcatut, F. elongatus and Dentalium 
Kickxii are to be mentioned. Almost everywhere the Septaria Clay 
includes remains of Foraminifera. The Lower Oligocene is 
known in the March only by deep borings and contains but few fossils 
(only Ostrea ventilahmm). On the other hand the equivalent out- 
crops of Latdorf and Egeln contain a large number of well preserved 
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shells, among which Oslrea vcntilabruni, Pectcn bell icoslatus, Spon- 
dyluit BucM, Cardita Dunkeri, Lcda perovnlts, Asfarte Bosqueti, 
Area appendiculatn, Buccimtm biilMum, Valuta decora, PUuro- 
toma Bosqueti, P. Bcyrichi and others may be mentioned. Solitary 
corals, Nummnlites, fish remains, etc., also occur. Lastly, in the 
March, the Upper Oligocene only rises to the surface in a 
limited way; while on the other hand it is present in a very 
characteristic and fossiliferous form in the Doberg at Biinde, and 
in the region of Cnssel (Wil helms hohe, Hohenkirchen, Kaufungen, 
etc.). In the Doberg, fine sea urchins iEchinolampas Kleinii 
[LXVI. 3), Spataiigus [Maretia] IToffmanni), Pectuncuhis obovatua 
(LXV. 8) and P. PhilippU and the large Tercbi-atula grandis 
(LXVI, 2), are especially abundant ; ' at Cassel besides these there 
are Cyprina rotundata, Pectcn janas, P. Mucnsteri and P. sub- 
decussatus, Cardium ungiUatum, Fleurotoma mbdcntictdata, P. 
Duchastclii, etc. 

' See E. Lilieoklaus, Jahresber. <1, aaturw. Ver. zu OsnabrQck, 1891. 
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The Lignite beds of the March, Priegnitz, and Uecklenbarg, 
formerly supposed to be Lower Oligocene, have in more recent 
times proved to belong to the Miocene.' On the other hand the 
(so-called sab-Hercynian) lignites of the' Halle gulf^ and of the 
north border of the Harz belong to the Lower Oligocene, as is- 
shown in section (Fig. 46). 

In the neighbourhood of Leipzig both the older beds, below the' 
Oligocene, and the newer, above it, are known. This also appears 
to be the case in Hesse.^ Here, according to v. Koenen, the greater- 
part of the lignite-bearing beds belongs to the Miocene, but certain 
lignite outcrops (at Kaufungen, Lichtenau, etc.), as shown hy 
Bejrich, lie below the Septaria Clay. 

The age of the lignites of the Cologne bay is the most uncertain. 
These include the well-known occurrence of laminated coal (Dysodil) 



Tie. tf.— Beotlon orths Olfgocena Ufrnjis dopoeiri ot the ne<gbbaiirh«id ot Balle on the' 
Saal {K. Laapeym). 

0. Ancient Bocks (porphTrj-). I-B. Lower OliROOtno Lignite depoiliB: I. S»sgBr elay. 
9. LigaiH. 3. Lower Kara. 4. Qu&rL£ aftnd. B. Upper afazu. a. UlddLe Oligocene HUid. 
7. Septui&clay. 8. Mouldins or mica Band. D. Drilt, 

accompanied by opal, of Rott not far from Bonn. Like the laminated 
coal of the Habichtswald near Cassel they contain Leuciacitg 
papyraceus and many other fish (in all more than 100 species), 
besides insects, crustaceans, and remains of a flora of Upper 
Oligocene character. 

The famous amber-bearing deposits of the Samland near 
Eonigsberg are also Oligocene, of very peculiar character. The 
lower part is composed of marine glauconite sands with a rich 

 Bereudt. 

 The rich fossil flora of these lignites has been described by Friedricb, 
" Beitr. E. Kenntn. d. TertiBr-flora <1. Ptot. Sachsen. Abh. d. preuse. geol. 
Landesaast."(1888). 

 Credner, "Das Oligoc. d. Leipziger Kreises." Zeiti. d, deuUch. gaol. Ot». 
(1878). 
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faima consisting mainly of sea urchins, crustaceans, and remains of 
sharks, but containing also molluscs ; the upper part, on the other 
hand, is made of lignite-bearing beds. The whole, according to 
Notling,^ the latest worker at the fauna, is of Lower Oligocene Age. 
The home of the amber, which is the fossil resin of various pines 
'(especially of Pinus succinifera\ is the " Blue Earth " lying not 
far from the base of Glauconite sand. The great scientific interest 
of the amber depends on the extraordinary number of insects, 
spiders and plant remains, inclosed in it and presers'ed in un- 
exampled perfection. The number of insects is estimated at some 
•2,000; of plants, Conwentz^ has described of late over 100 
Dicotyledons alone. The occurrence of four species of palm (among 
them a Phoenix), of Magnolias, Cinnamomum, etc., along with 
QuercuSf Acer, etc., allows us to infer that the climate of those 
regions was somewhat warmer than at present. 

In the Paris Basin only the Middle Oligocene consists of 
marine deposits ; the Lower and Upper are brackish and fresh- 
-^vater in character. The constitution is as follows : — 

Upper Oligocene. 

Uppermost part of the Fontaiiiebleau Sandstone, and Upper Fresh- 
water formation (Millstone of Montmorency, and freshwater limestone 
of Beauce),with Lm»»a, Planorhia^ Paludina; at the top with numerous 
species of Helix. 

(Middle Oligocene. 

Sandstone of Fontainebleau, with a fauna corresponding with that 
of the marine sand of Stettin and Alzey. 

l-ower Oligocene. 

Gypsum and Marl of Montmartre with rare marine shells, but with 
the famous mammalian remains described by Cuvier {PoiUKotheriumy 
Anoplotheriuniy Xiphodon^ etc. 
Marl, with Limncca strigosa. 

The English Oligocene deposits consist almost exclusively of 
brackish limestone and marls, and are almost entirely limited to 
the Isle of Wight, and the county of Hampshire. We distinguish 
here : — 

Upper Oligocene. 

Not recognised with certainty. 

Middle Oligocene. 

Hampstead beds, with Cyrena seniistriataj Cerithium pUccUunif 
Melania^ etc. 

* '' Fauna d. saml&nd. Tert. Abh. d. preuss. geol. Landesanst.*^ (1885-88). 
' "Die Flora d. Bemsteins," etc. (Vol. i. Conifera, by GOppert and Mengo ; 
voL ii. Angiosperms, by H. Conwentz). 
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Lower Oligocene. 

Osborne and Bembridge beds, with Cyrenas (C. aemistriata)^ 
Ci/iherea incrassata (LXV. 5), Cerit/num, Melania, etc. 

Middle and Upper Headon beds, with Cytherea incr(M8ata, 
NtUicOj Buccinum, Cerithiunij etc. 

The Mainz Basin occupies a kind of middle position between 
the Northern and Southern Oligocene areas. This basin was at 
iirst purely marine, and gradually became freshwater, and it is 
only the lower beds that belong to the Oligocene, while the higher 
beds reach up to the Miocene, and even in part to the Pliocene. 
The classification of the series is, in descending order : — 

Upper Oligocene. 

Cerithium Beds. Brackish, sometimes more sandy, sometimes 
more calcareous, formations with numerous Cerithium plieeUumj C, 
subviarffaritaceumy and others, Mytilua Faujeui, Ferna JScidani (LXVI. 1), 
etc. The land-shell limestone of Hochheim, with numerous species 
of Helix, is a local deposit of this stage. 

fVliddle Oligocene. 

Cyrena Marl and Sand. In part lignite-bearing, already some- 
what brackish. Vyrena semistriata=8uharaia, Cerithium plicatum, C 
margaritaceum (LXV. 2), Perna tkindhergeri, Buecinum caaaidaria 
(LXV. 4). 

Septaria Clay (FlOrsheim on the Main, etc.), with Leda Desliayea- 
iana (LXV. 6), etc. 

Marine Sand, very fossiliferous (at Weinheim, not far from Alzey 
in Bhenish Hesse, and at Waldbockelheim on the Nahe) becoming con- 
glomeratic at the borders of the basin. Oatrea callifera, Pectunculua 
obovatua (LXV. 8), Cytherea incrctaaata (LXV. 5), Natica craaaatinOy 
Spondylua tenuiapina (LXV. 7), etc. Bemains of the Sirenian Halitherium 
Schinzi, 

The Oligocene beds extend from the true Mainz basin of the 
Ehinc Valley into the South of Baden and Alsace ; and here, 
below the marine sand, there are found still deeper beds, of Lower 
Oligocene age (Petroleum sand of Pechelbronn, Hirzbach, etc., with 
Anodonta ; Mel ania limestone of Brunnstadt), and probably also 
of Eocene age (Buchsweiler limestone, with Propalceotherium 
LophiocloUj etc.)* 

The greater number of the South German, Swiss, and French 
pisolitic iron ore deposits^ seem to belong to the Oligocene. 
These are collections of impure brown ironstone grains which, along 
with clays and sands, fill up depressions in the Upper Jura lime- 

* Andreae, "Beitr. z. Kenntn. d. els&ss. Tert. Abb. z. geol. Specialkarte 
vou Elsass-Dothringen ^^ (1888-84). 
^ Bohn-erz of the Qermans ; terrain sid^rolithique of the French. 
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stone, and are supposed to be deposits from springs. In South 
Grennany, Frohnstfttten and Tuttlingen in Wtirtemberg, and 
Kandern in Baden, are the chief localities for these deposits. 
They contain numerous remains of Pcdceotheriunij Anoplotherium,. 
Lophiodon and others, with forms common to the gypsum of 
Montmartre ; and thus they show themselves to be Oligocene, while 
the remains of some other similar deposits point to a later age. 

Further south, in the region of the Alps, Apennines, Car- 
pathians, etc., the Oligocene is represented chiefly by the Flysch 
sandstone, which, together with the so-called Molasse, form» 
in a tolerably unbroken chain the range in front of the Limestone 
Alps. The slate-like iish shales of Glarus and other points form 
an interesting local facies of the Flysch. These were formerly 
referred to the Eocene, but are now correlated with the middle 
Oligocene Amphysile beds of Alsace and other similar formation^^ 
{Meletta beds, Lepidopides beds) of Upper Bavaria and the Car- 
pathians. 

The Swiss and South German Molasse consists of thick, soft^ 
conglomeratic sandstones, or coarse conglomerates, the so-called 
Nagelfluh of the Rigi and many other hills. Only its lower part^ 
the Older Molasse, belongs to the Oligocene, whilst the younger 
is of Miocene age. The Older Molasse again divides into a Lower 
marine division, the fossils of which (Ostrea callifera, Cyprina 
rotundataj Cytherea incrasaata^ Natica crassatina, Pleurotoma 
Selysii, etc.) prove it to be of Middle Oligocene age ; and an 
Upper division of estuarine character, including many layers 
of lignite — especially at Miesbach in the Bavarian Alps — which is 
probably, as Cyrena semiatriatxx^ Cerithium margaritaceuntj C. 
plicatum, and other species (in part common with the Main^ 
basin) show, of Upper Oligocene age. 

Very fossiliferous Oligocene beds, containing numerous corals, 
sea urchins, and molluscs {Natica crassatina^ etc.) occur in 
Vicenza at Castel Oomberto, Crosara, and other localities. 

PALJEONTOLOOY OF THE OLDER TERTIARY, 

The chief distinctions between the Fauna and Flora of the Ter- 
tiary and those of the Cretaceous have already been briefly pointed 
out. So far as concerns the Older Tertiary in particular, the most 
important palaeontological characters are as follows : — 

The Old Tertiary Flora consists mainly of Dicotyledons, Mono- 
cotyledons, and a number of Conifera. Among the Dicotyledons 
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we find many tropical forms, such as Fi-ot«aceee, Araliacee, 
Cinnamomum, etc; variouB sub-tropical genera, Ficua, Laarat, 
Magnolia, Juglant, etc., and a crowd of forms of our present 
European forests, Quercut, Acer, Platanus, Vlmua, Carpinus, 
Saiix, etc. Among the Monocotyledons the Palma, which at that 
time spread throughout Northern Europe (Sabal, Flabellaria, 
Phcenix, Qhammrops [Fig. 47]), are of interest. Of the Conifers 
the genus Sequoia (with the wide-spread S. Langsdorfi, which 
reaches into the Neogene) deserves special mention. 



Fia. a,—Cltama€r<ipi lulMtiu, Heer. Lower OUgocane of NuhMntidt, u««rHaD« OD 
tbeBul. 

In the Fauna the lowest animals attain a special importance 
from the extraordinary development of Nummulitee, and to a less 
«xtent of some other Foraminifers, such as Orbitoides, Miliola, 
Alveolina, and others. 

Among the Ccelenterata, the reef-building corals, as noticed 
above, are important only in the Southern European Seas. 

Of the Echinodermata by far the most important are the Echi- 
noids, which are still very abundant and various in the Mediter- 
ranean area. The regular forms are even more reduced than in the 
chalk in comparison with the bilaterally symmetrical. Among the 
latter the family of the Spatangidce still plays the chief part. To 
it belong the genera Spatangus, Lintkia (LXIV. 2), Maretia, 
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BrigeuB, Sckizaster, Macropneustcs, and others, whilst of other 
symmetrical forms Conoclypua (LXIV. 1), and Echinolampax are 
to be noticed. E. Kleinii (LXVI. 3), from the Upper Oligocene is 
the commonest German fossil sea nrchin. 

In the MoUusca the Sinupaltiata among the LamellibranchSr 
floch as Venus, Cytherea, Tellina, Coi-bvla, etc. (Pis. LXII., 
LXin., LXV.), are more important than hitherto. Of other bi- 
valves, Ostrca, Pecten, Area, PccUntculus, Leda, Cardita, Lucina^ 
Cardiuin, Cyrena, etc., are Tery rich in species. Among the 
Gasteropoda the SiphonQstomata now play the chief part. To 
this group belong Pleurotonxa, Fustis, Vobita, Conus, Pyrula, 
Murcr, Stromhtm, Mitia, Cypr<pa, Borsonta, Ccriihium, and others; 



CHipidiila, Ag. Fis. W.—aiitivt oNi^uM, Ag. 

while of the other gasteropode, Ttirrftella, Nntica, Nerita, Mchinia, 
and others are especially widely spread (Pis. LXII.-LXV.). 

Among the Crustacea the great development of Brachyurous 
Decapods, or Crabs {Ranina, Cceloma, Lobocarcinus, Psnmmo- 
cnrcinvs, etc.), requires special mention ; among the fish the 
continually increasing development of the sharks — of which nume- 
rous isolated teeth belonging to the genera Lamna, Otodus, Car- 
charodon, etc., are found — and still more of the bony fishes orTele- 
ostei {Leuciscus, MeJetla, Amphisyle, Semiphorua, Calamostotna, 
Pnlceorhynchus, etc.). 

Far the most important character, however, of the whole Ter- 
tiary, as well as of the Older Tertiary, is the first and quite sadden 
appearance of a rich fauna of placental mammals. 

Aplacental mammals, which first appeared, so far as is known, 
in the Trias, were, in opposition to their present limitation to 
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Anstralia and South America, present throughout the whole world 
(Didelphys in the Ghypsum of Montmartre, Proviverra, in the 

phoaphoriteB of Quercy, etc.), but were much reduced ia import- 
ance compared with the placental mammals.' In consequence 
of the veiy sudden development of the latter dnring the Tertiary 
period their remains are of the greatest value for the determina- 
tion of the age of the Tertiary deposits. 

The chief localities are the Gypsum of Montmartre, the Phos- 
phorites of Quercy in the South of France, and the pisolitic 
deposits of Frohnstetten, and other points in the Swabian Alps. 
All the forma belonging here are synthetic types, and many show- 
also embryonic characters. 



Pia. an.^Palaothtriiim Tnojnum, Cuvier. Oligoceoe, UoDtmartie, neu Parie. 

. The chief part among the older Tertiary mummals is played by 
the hoofed beasts, or Ungulates. As at the present day, they were 
already divided into two great groupe, with paired and with un- 
paired hoofs — one of the circumstances which shows that the 
oldest known mammals in question cannot really be the oldest, but 
must rather have possessed pre-Tertiary ancestors, in which this 
distinction had not yet been developed. 

Of the Imparidigitata, or Perissodactyln, to which the living 
Tapir, Rhinoceros, and Horse belong, the most important is the 
Paloiothei'ium (Fig. 50), of the size of a horse or under, with tapir- 

' See Oaudry. " Les EnchuinementB dn Monde Animal. Mammiftres. 
t;rtitti»e8 " (1878). 
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like gnont, three-toed front and hind feet, and rhino ce roe-like teeth. 
Another form, Lophiodon, is allied to the Tapirs. 

To the ParidJgitata, or Artiodactyla, belong Anoplotherium, 
with horse-like head, long neck and tail, 44 teeth of ramioant 
etractore, and two-toed feet ; also Xipkodon, of delicate gazelle- 
like baild ; Antkracotherium, swine-like, with strong incisors 
and canines, and fonr-toed foot ; Hyopotamvs, similar, but with 
differently formed molars, etc. 

A special group of Ungulates is formed by the remarkable 
gigantic Dinocerata (Sfarsh) from the Eocene of the Bocky Uoun- 
'tains. In their general form, in the stracture of the pelvis, and in 
the possession of five-toed extremities, they resembled the Pro- 



Fia. tl.— Skull of leMtopluiilini {Dinaurat) mirililii, Manh. Eoceng of WTOmins (kfttr 
3Unh). 

'boscideans, but they bore three pairs of horns, and were armed 
with long sabre-like upper canines. The chief representative of 
the group is Loxolophodon (Dinoccras) mirabilis (Fig. 61). Like 
their companions, the Coryphodontid^ and Brontotheriidee, the 
Dinocerata are characterised by a brain very diminutive in com- 
parison with the skull. 

Along with the Ungulates Camivora occur in tolerable variety. 
Protoviverra and Hywnodon show certain relationships with 'the 
Hyaanids and Viverrid»; Amphicyon, Cynodon, etc., with the 
Ursidee. The name Creodonta has been applied to these most 
Ancient Camivora, which differ from the tme Camivora in the 
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filighter developmeot of the brain, in the absence of a distinctly 
diiFerentiated carnassial, in the generally small number of incisors, 
and in other characters. 

The LemuridaB also were widely distributed, and numerous 
remains of them are found, especially at Quercy and in North 
America. Some of them, for example Adapts (referred by Cuvier 
to the Pachyderms), Cmnopithecica, etc., show decided ungulate 
affinities. Cebochcertis^ from Quercy, referred to the Simise, shows, 
as its name implies, a remarkable mixture of pig-like and ape-like 
characters. True apes do not occur till Neogene times. Remains 
of Rodents, Insectivores, and bats are known from the Older 
Tertiary. 

NEWER TERTIARY OR NEOGENE. 

1 Miocene. 

The distribution of the sea during the Miocene period was very 
different from that in Older Tertiar}' times. In Europe it had 
retreated in the north ; in the south, on the other hand, it had 
gained in extent. In North Germany at that time only Schleswig- 
Holstein and Friesland were covered by sea, which stretched west 
jovBT Holland and a part of Belgium. In England and North 
France marine Miocene deposits are absent ; and this area was then 
<dry land. The Mainz basin also, which even in Upper Oligocene 
times had begun to become freshwater, was now entirely an in- 
land sea. 

The main area of the marine Miocene of Europe lies on the 
Atlantic coast and in the Mediterranean region. The Loire and 
Garonne plains were gulfs of the Atlantic Ocean, which during 
the Miocene period overflowed great stretches of the present 
Portuguese and Spanish coasts. From the Mediterranean, which 
■still covered large areas in the north-west of Africa, the Miocene 
Sea extended through the Rhone Valley to the level part of 
Switzerland, and thence through Upper Swabia and Upper 
Bavaria to Vienna. An arm of the sea stretched north of the 
•Carpathians to Moravia, probably even to Gralicia, while a second 
formed the connection with the great *^ Pannonian basin '' which 
•extended over Hungary and a part of Steiermark, Camiola, 
Kroatia, and Bosnia, and reached east beyond the present Black 
And Caspian Seas, which are only the last remains of that great 
Miocene Ocean. The Alps, like the Carpathians, were still islands 
in the Mediterranean, while the greater part of Sicily, Malta, etc. 

C.G. A A 
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— islands formed chiefly of marine Miocene beds — was at that tim^ 
under the sea. In the eastern part of the Mediterranean, Miocene- 
marine deposits possess a considerable extension, but not in Egypt,, 
Syria, Asia Minor, Persia, Arabia, etc., where indeed Old Tertiary 
beds, but not Miocene, are to be observed everywhere — a proof 
that the connection between the Mediterranean and the Indian 
Ocean existing throughout the Old Tertiary period had ceased 
to exist now — that, in other words, the Mediterranean from an 
intracontinental, had now become an inland sea. 

The palms, magnolias, myrtles, and other evergreen trees, stilT 
present, at least in our area, at the beginning of the Miocene period, 
and the southern character of the insects and molluscs, allow of a 
definite conclusion as to the climate of the Miocene period : that 
at the beginning 6f the period the climate in Central Europe was- 
still subtropical ; but, as follows from the absence of palms in the- 
newer 3Iiocene, it gradually became cooler. 

The southern character of the Tertiary floras of Iceland, Green-- 
land, Spitzbergen, and Grinell-land (the last in Arctic North America 
under 81° N. Lat.), which are usually referred to the Miocene, is very 
evident. According to the numerous works of O. Heer, they con- 
sist of beeches, poplars, elms, oaks, even Taxodia, Planes, Magno- 
lias, whilst the limit of trees (at a mean temperature of 10° C. for 
the warmest months) is now some degrees south of Greenland. In 
the regions in question therefore, in, geologically speaking, a com- 
paratively recent period an abnormally warm climate prevailed. 
This circumstance appears so much the more strange since the Ter-^ 
tiary floras of the north-east of Asia — the floras of Kamtschatka, 
Amurland, and Saghalien, described by Heer, and that of Japan^ 
shortly described by Nathorst — show no signs of a similar warmth^ 
but rather point to a climate colder than that of the present day. 

Since Greenland lies on the one side of the pole, and North- 
Eastern Asia on the opposite side, the difference in character of 
the floras might well be explained by a shifting of the pole^ 
according to the bold hypothesis of Neumayr and Nathorst. Cer- 
tainly if, with Nathorst, we place the pole in North-East Asia in 
lip N. Lat. and 120° E. Long., no Tertiary flora with evergreen 
plants would lie within the polar circle, and thus most of our 
difficulties would be explained. 

Palaeontologically the chief characteristic of the Miocene con- 
sists in the appearance of gigantic Proboscideans — Dhwthermin 
(Fig. 54) and Mastodon {angvstidms, Fig. 50), whilst Elephas is- 
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still absent ; of Rhinocerotidse instead of the extinct Pateo- 
theridse and Anthraootheridee ; of the genus of horses Anchtthe- 
o'mm; of horned ruminants, and the oldest Felidse (MachceroduSf 
Fig. 67). The marine Mollusca are no longer tropicril in character^ 
but approach the living fauna of the Mediterranean. The number of 
still living species is also very much higher than in the Old Tertiary. 

As already mentioned , our knowledge of the Miocene took its 
rise in the region of Bordeaux, Here, as also in Touraine, the 
Oligocene is overlaid by loose, sandy shell beds, th^ so-called 
Faluns, which contain a great number of well-preserved fossils. 
Leognan, Merignac, Saucats and Salles, near Bordeaux; Pont- 
levoy and Manthelau in Touraine are the chief localities for these. 
Especially important forms are the narrow Ostrea crassiasima 
{=lo7igiro8tris [LXVIII. 4]), which reaches a length of half a 
3'ard, the fine Pecten (Void) solaHum, Cardita Jouanneti, Voluta 
Ijavilfcrti, F. mioccnica, Cassis sabiiron (LXVII. 5), Area turonica^ 
iJiffherca erycinoides^ and numerous sea urchins, among which the 
genus Scutclla (LXIX. 1) is distinguished by its unusually flat shell. 

In Belgium there belong to the Miocene : — A. Dumont'» 
Systeme Bolderien (named after the Bolderberg, near Hasselt) 
and Diestien (after the city Diest). In character and faima 
these beds are verv similar to the French Faluns. 

Characteristic marine Miocene is also found in the North West 
of Germany, in Schleswig HoLstein, Lauenburg, Mecklenburg^ 
North Hanover, and Oldenburg as far as the neighbourhood of the 
Dutch border at Wesel and Xanten. The most important localities- 
for fossils are the Island of Sylt, Glttckstadt, Ltineburg, Domit^ 
in Mecklenburg, Dingden in Westphalia, and Rothenburg neaf 
Dilsseldorf. The two formations formerly distinguished as differ- 
ent stages, the dark-coloured micaceous clay and the sandy Hoi- 
jstein rock are, according to v. Koenen, merely different facies of 
the same group. Among the most abundant species are Area 
diluvii, Pectunculus 2rllosu8f Limopsis aurita^ Astarte concentrica^ 
Isocardia ear, Venus IJrocchiij Conus antediluviantiSj C, Dujar- 
dim, Fasus tricinctus,F. fcstivus, etc., Dentaliitm elephanttnumy 
etc.i 

* V. Koenen, *• Das Miociln Norddeutschlands und seine MoUuskenfaana I." 
(1872) (Schrijt. d. Gei. z. Bef. d. ges. Xaturic. zu Marburg) and 11. {Xeues 
Jah rh, Beilageb. II. p. 223).— ** Gottsclie. Mioc. von Eeinbeck " ( Verh, d Ver. /. 
vafurtr, Vnterh. Hamburg, Vol. iii. (1878). — " Die Molluskenfauna d. Holisft. 
Oest." (Feslschrr/t, d. naturtc, Ver. z. Hamburg, 1887). 
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In the rest of North Germany, and throughout Central Germany, 
marine Miocene is unknown, while Miocene freshwater deposits are 
widely spread in both these areas. According to Berendt and 
others the Lignite deposits of Brandenburg, Pomerania, and 
Mecklenburg are Miocene; and, according to v. Koenen, the 
greater part of the lignite beds of Hesse, the Wetterau, Wester- 
wald, and the Lower Rhine, are of the same age. The last-named 
observer distinguishes a Lower Lignite formation, to which he 
refers the Melania Clays of Ludwig (Gross- Almerode, etc.) with 
Melanin horrida and other freshwater shells, and an Upper Lignite 
formation which is often accompanied by polishing slates and 
basalt tuffs. The two lignite horizons are separated from each 
other by basalt flows (the Lower basalt) and the upper was in its 
turn again covered by a basalt sheet (the Upper basalt of the Rhon, 
Habichtswald , Vogelsberg, Westerwald , etc.). Similar lignite bear- 
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Fig. 62.— Section throiif?h the Meissner, near Gantel (Fr. Moesta). 
B.S. Banter Sandstone. £. Both. Jtf. Lower and Middle Maschelkalk. W, Upper 
Muacbolkalk. L. Lignite-bearing Tertiary. D. Dolerite. 



ing Miocene formations intimately connected with basalts are also 
developed in Bohemia. 

In the Mainz Basin the Oligocene Cerithium Limestone is 
followed by Miocene beds, which are divided into the Corhicula 
beds below and the Litorindla beds above : — 

Miocene. 

Litorinella beds. Calcareous clayey marsh deposits with innu- 
merable specimens of Litorinella acuta (LXVIII. 7), DreUaena Brardi 
(LXVIII. 6), Helix moyuntina^ Ptanorbis, etc. 

Oorbicula beds. Calcareous, somewhat brackish water forma- 
tions with Corbicula Faujcttfi^ thousands of Hydrobia {Litorinella) inflata^ 
H, acuta^ Ceritliium plicatum, etc. 

Ifi Southern Germany the greater part of the marine Tertiary 
belongs to the Miocene. The newest Oligocene beds are usually 
followed by the oldest Miocene deposits, the so-called Blatter^ 
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molasse (Leaf-Molasse of Kempten, etc.), which consists of sand- 
stones and marls with impressions of leaves and land and ffesh-^ 
water shells. These are succeeded by the Marine Molasse with, 
Ostrca crassissima (LXVIII. 4), Cardita Joitannctiy Pectuncuhus 
j[)ilosuSf Turritella cathcdraliSj T. terebralis and others, Panopa^a 
MencnxUy etc. — the equivalent of the Faluns of Bordeaux. The 
succeeding Freshwater Molasse, which is sometimes coal bear- 
ing, and contains Melanin Esclieri (LXVIT. 7), Unio^ Planorhis^ 
etc., forms the uppermost division of the South Geiman Miocene ; for 
the overlying Bone-sands of Ulm, Ingolstadt, etc., with Mastodon^ 
etc., probably belong to the Pliocene. 

The small isolated Basin ,oi Steinheim (west of Heidenheim) 
deserves special mention on account of the occurrence of Planorbis^ 
multiformis^ so famous for its great variability. 

The Swiss Molasse is most closely connected with the South 
German. It occupies the whole of the space between the Alps and 
the Jura, and near the former consists of coarse conglomerates of 
Alpine origin, which have been raised with very disturbed lie to a 
height of 6,000 feet above the sea ; whilst with increasing distance 
from the Alps these pass gradually into fine sandy and clayey sedi- 
ments which, towards the north, gradually become horizontal. In 
Switzerland also, the lowest Miocene stage, the so-called Grey 
Molasse, lying directly on the Oligocene, begins as a rule with a 
freshwater deposit rich in leaf impressions, which is succeeded very 
soon by thick marine deposits with Ostrca n'assisshna and other 
species of the French Faluns. This Grey Molasse is followed by 
the true or St. Gallen Marine Molasse, with a rich shell fauna 
consisting of some 400 species, almost one-third of which are living 
forms ; and the uppermost part of the Miocene is here formed of a 
freshwater deposit, the Upper Freshwater Molasse, with 
Mdania Esclieri (LXVII. 7) Unloflabellatus, etc. To this gi-oup 
is also referred the platyand marly limestone of Oeningenon Lake 
Constance, which has yielded many insect and plant impression s^ 
and also the famous fossil (preserved in the Zurich Museum) which 
was described by Scheuchzer as the skeleton of a man, but which 
is the remains of a large salamander allied to the living Andrlas- 
Japonicus. 

The Miocene group is characteristically developed in the Vienna 
Basin, which through the researches of Horner, Siiss, Fuchs, etc.^ 
has become one of the best known tertiary areas. Like the Mainz: 
Basin, it affords a fine example of a series which at the base i» 
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purely marine, but gradually becomes freshwater. The following 
groups are distinguished : — 

Miocene. 

4. Congeria or Pontian series. Tegel (marl) of Inzersdorf ; 
brackish water deposits with UniOj Cangeria stibglobosa, C, conglolKtta 
(LXIX. 5), Cardiunif Melanopsis, (3faWima9ia [LXIX. 8]), etc. Forms 
the foundation on which Vienna is built. 

3. Sarmatian series. Brackish inland se>a deposits with Ceri- 
ihiunnMunif C, rubiginosum and numerous species of Tapes ^ Cardium^ 
Madra, {podolica [LXVIII. 8]), etc., allied not to those of the Mediter- 
ranean, but to those of the Black Sea. The deposits of this series ex- 
tend eastwards as the so-called older Steppe limestone beyond the 
Caspian and Aral Seas. 

2. Second, or younger Mediterranean series, consisting 
partly of coastal formations, — the fragmental conglomeratic Leitha- 
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Picj. 63.— Diagrammatic Section throagh the Vienna Tertiary Basin (Karrcr). 
1. Crystalline rocka of the Leithatrebirge. 9. Flysch of the Vienna HillB. 3. Marino 
Miocene (Meditorranean Series). 4, Braokisfa Upner Miocene (Sarmatian Scries). 6. Con- 
geria beds. 0, Belvedere graveU. 7. Drift and allnvinm. 

kalk; partly of clays deposited in a deep sea — the Baden Tegel; and 
partly of marls, — the so-called Schlier. Calcareous algce (JAiho- 
thamninm ramoavisivium) take the chief part in the formation of the 
Leithakalk, the building stone of the city of Vienna. This series ex- 
tfinds on the one side to the Sea of Azof, and on the other to Cyprus and 
North Africa. Cassis sahuron (LXVII. 5), JRandla marginata (LXVII- 
4), Conns Mercati, Conus antedHuvianus^ etc., Ancillaria gltntdiformi^ 
(LXVII. 10), TurriUUa turris (LXVII. S), Pleurotanm aspendata (LXVII. 
(i), Pcclen culuncus (LXVIII. 5), Area turonica^ Cardita Jonannetij Ostrea 
cochlear y Venns claihratay and a number of other species. 

1. First, or older, Mediterranean series,=Horner beds. 
Sands, clays and marls of Loibersdorf, Horn, Molt, Gaudemdorf, etc., 
with Ostrea crctssissima (LXVIII. 4), Pecten solarium^ TurrUella cathe- 
draViSy Crrithium plicatum^ C. margarilaceum (LXV. 2), Pgnda rusticula 
(LXIL 2), etc. 

The Tertiary beds of Galicia, which reach to Upper Silesia, are- 
also connected with the Vienna Basin, and include at Wieliczk» 
the well-known beds of salt. The salt outcrops of Kalusz, which 
contain potassium chloride, are probably also of the same age. 

Throughout Italy, and as far as Sicily and Malta, and also in th» 
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East Mediterranean region, Miocene deposits are very» widely 
•spread. A characteristic type form of this area is the large bell- 
shaped sea urchin, Clijpeastev altiis (like LXIX. 2). 



II. Pliocene. 

At the conclusion of the Miocene period the sea retreated 
throughout Europe. In Northern Europe only the South of Eng- 
land, Belgium, and a small part of the North of France was covered 
hy it; while Germany was quite dry. It was only in the South 
of Europe that the area covered was of any considerable width, as 
may be seen from the great extent of marine Pliocene deposits 
throughout Italy, Spain, Algeria, Greece, etc. The great Sarmatio- 
"Oaspian area on the other hand had become a continent with 
numerous, somewhat brackish inland seas, in which lived a shell 
fauna nearly allied to that of the present Caspian. 

PalsBontologically the Pliocene is characterised by the occur- 
rence of large Proboscideans, especially of Dlnotherium (Fig, 54) 
4ind Mastodon (Figs. 5G-58) (type form J/, longirostrls)^ of the 
horse-like genus Jlippoihermin (Fig. 69), and of numerous Rhino- 
■cerotidae {Acerathcnttm incisivum^ Rh. SchJeici^^nachcri, Figs. 
4)3 and 64) ; stags, antelopes, giraffes, etc. It was towards the 
-conclusion of the epoch that there apj)eared, as characteristic 
forms, Elephas mei*idio)iali8, E. antiquiiSj Mastodon afvcrncnsifSj 
Equus StenoniSj Hippopotamus viajor, Rhinoceros leptorhinus 
Ji. i}iegarhinus and Machwrodits pliocenicus. 

The Pliocene shell fauna of South Europe approaches very near to 
that still living in the Mediterranean, while already more northern 
forms (especially numerous species of Astatic [LXX. 3]) had estab- 
lished themselves in North Europe. The appearance of a number 
•of Arctic types, such as Cyprina islandica, Panopa^.a norvcf/tca, 
-etc., in the newer Pliocene not only in England, but even in Italy, 
is very remarkable. 

The Pliocene flora in South Europe is nearly related to that now 
living in the Southern Mediterranean countries; but the palms, 
which were still tolerably abundant in the Miocene period, had 
xilmost entirely died out. It is only near Marseilles that a 
<Jhammrops has been found in Pliocene deposits. 

There is no general agreement as to the limitation of the Pliocene 
above and below, or as to the way in which it should be divided. 
Formerly all the marine Pliocene deposits of Southern Europe 
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were known simply as Subapennine (d'Orbigny) ; in later times 
how^ever there have been distinguished, in Italy, (1) the Zand eano, 
<2) the Piacentine Stage of Mayer, and (3) the Ar no Stage. 
In Belgium these formations are represented by Diunont's Anver- 
8ien and Scaldisien; in England by the so-called Crag. 

The Italian Pliocene formation is typically developed on the 
north side of the Apennines as far as Piedmont; but also extends 
on the south of these mountains over the whole of Central and 
Southern Italy. It consists of more than 1,000 ft. of clays, marls 
and sands, in which deep valleys have been cut. Castel Arquat/) 
•(near Parma) and Asti (near Turin) have long been famous as 
the chief localities for the extremely rich and well preserved 
«hell fauna. The marine beds of Monte Mario and of the Vatican 
in Rome are referred to the Lower Pliocene ; those of Asti and 
•Castel Arquato to the Middle Pliocene; and certain fluviatile 
gavels and sands occurring especially in the Arno valley, with 
Equus Stenonis, Elephas antiqzius, E. meridionaliSj Mastodon 
iirvemenmSj Hippopotamus niajor^ etc., to the Upper Pliocene. 

The English Pliocene deposits, included under the name of 
<^rag, diflfer greatly from those of Italy. They are divided as 
iollows : — 

4. Chillesf ord Beds. Sands and clays with coaly layers and a moUus- 
cjin fauna, about two thirds of the si^eciea being northern forms. 

8. Norwich Crag. Sand, gravel, and loam, 9H p<n' cent, of tho shells 
-are living forms, and 14-G per cent, are northern species. 

2. Red Crag. Iron-shot sands, 93 per cent, of living species, 10*7 per 
cent, northern. 

1. White (Coralline) Crag. Sands and clays full of bivalves and 
Bryozoa, 54 per cent..living, only 5 per cent, northern sjiecies. 

The most interesting feature here is the gradual increase in 
the number of living and of northern species {Astmir boreal Is^ 
Panopoea norvcgica^ Cyprina islandica^ Scalaria ffrwnlandicay 
•etc.). 

The Belgian Pliocene deposits are very similar to these. 

In Germany there is no marine Pliocene present, but fluviatile 
deposits of this age, rich in mammalian remains, are found. One of 
the best known of these occurrences is that of Eppelsheim in 
Rhenish Hesse, where the Miocene Litorinella Limestone is 
succeeded by bedded sands with Dinotherhim gigarAeum^ Mas- 
todon longirostriSj AceratheHum incisivum^ Uippothcrlwni 
(fracilc, stags, etc. Similar deposits are repeated in the Rhine 
valley at Diirkheim, Hanau, Fulda, in the valley of the Saale, 
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Gera, Ilm, etc., and at many points in South Germany and Austria 
(Bone-sands of Ulm, Ingolstadt, etc.). 

The bone loam of Mont Luberon in the South of France, and 
the red clay of Pikermi in Attica are famous for a similar rich 
mammalian fauna (at the former locality Dinotherium, Hippo- 
therinm, Rhinoceros^ Machcerodus [Fig. 67] ; at the latter numerous 
antelopes, apes, the giraffe-like Helladotherium^^ etc.). 

In the Vienna basin the Pliocene is represented by the Belve- 
dere beds, which consist of sands and gravels containing remains 
of Dinotherium, Mastodon, Rhinoceros and Hippotherium. They 
are approximately equivalent to the similar Eppelsheim beds of 
the Mainz basin. 

Of another kind are the Levantine deposits developed over 
wide areas in the South-East of Europe — in the same areas in 
which the Miocene Congeria beds are so widely spread. They are 
inland sea formations, which, in the west part of the area, especially 
in West Slavonia, contain innumerable Paludinas, Unios, Melanias, 
Valvatas, Bithynias, Hydrobias, Neritinas, etc. ; * but further east, 
in the Aralo-Caspian district, besides numerous Congerias and true 
Oardiums, they contain* the remains of an earlier marine fauna. 

Of the extra-European Pliocene formations, the deposits of 
the Sivalik Hills at the foot of the Himalayas require special 
mention. These are sands and conglomerates, with remains of 
Stegodon (a passage form between Mastodon and ElepJias), 
several Mastodons, Apes {8emnopithecris\ HippotheiHum, Chali- 
cotherium (also found at Pikermi), SivatlieriuTiij the gigantic 
chelonian Colossodielys, etc. Similar Pliocene forms, especially 
distinguished by Stegodont Elephants, are also known from the 
bone caves of China and from Japan. 

Lastly, according to the views of Gaudry, Cope, Ameghino, and 
others, the clayey loess-like Pampas formations of the South 
American plains, occupying large areas in the State of La Plata, 
belong to the Pliocene ; but, according to Burmeister, they should 
be referred to the Dvift. These deposits contain Mastodon gigan- 
lews, Eqiins, Macrauchenia, and (according to Ameghino) prob- 
ably also remains of men, and are specially distinguished by the 
remains of gigantic Edentates {Megatherium, Olyptodon, Mylodon, 
And others). 

' Oaudr^', " Animanx foBsiles de TAttique " (1862-68). 
* Neumayr and Paul, "Fauna d. Congerien- u. Paludinen-Sohichten 81a- 
voniens. Abh. d. geol. Beichsanst." (1875). 
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I'AL.WXTOTjOCY OF THE XF.WEIi TERTIABY. 

Rome i-emarks have already been made concerning the Neogen& 
Flora, and the chief peculiarities of the lower divisions of the 
animal kin^lom have also been mentioned in the preceding pages, 
so that only tlie Mammalian Fauna retnainB to be described. 

Throughout the Newer Tertiary times the Proboscidians, with 
the three chief genera Dinotlicritnti, Mastodon, and Elcphns, piny 
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an important pnrf. Diiiotlin-inm and Mastndon occur already in 
the Miocene, but Elephiis does not appear till towards the end of 
the Pliocene. Dinoihcriiim does not pass beyond the Tertiarj- ; 
Mimtotlna Joes wo only in America ; while Eleplian reaches its 
chief development in the Drift. The hufje Dttiot/icrium (Fig. 64> 
M-ns di St in finished by simply formed teeth (Fig. 55) and sabre- 
Khaped lower incisors curved downwai-ds. The chief locality in 
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Germany for the beet known species, D. gigatueum, is Eppelsheim. 
lu appearance Mastodon was elephant-like, but waa often provided 




with tu»kn in it») lower jaw also, and the molars are tuberculate. 
M. angittttdcne and M. turicemU are Kiocene ; M. longiroatris and 
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2[. arverTiensis, Pliocene. Finally, Elephas is distinguished by 
its lamellar back teeth (LXXI. 2). E, meridionalis is Upper Plio- 
•cene, especially in Europe. 

Among the Imparidigitate Ungulates the Equid» require notice. 
The two most important types of the Newer Tertiary are the 
Miocene Anchitheriuni and the Pliocene Ilippotherium {^Hip- 
jparions). These include a beautiful series (Fig. 60) leading from 
the old Tertiary three- toed Palceothvrium to the genus Equus 
<which just appears in the Uppermost Pliocene). The end of the 
series is reached by the disappearance of the side toes and the 
change of the originally short-fanged teeth (Fig. 61a) into long 
prismatic teeth (Fig. 61b). The chief species are Anch, aurdianense 
And Hipp, gracile (Fig. 59). The Rhinocerotidae also, which first 
xippeared in the Upper Oligocene, are of importance in the Newer 
Tertiary. The small hornless Eh. (Aceratherium) incisivum (Fig. 
4)3) and the larger two-homed Eh. Schleiermacheri (Fig. 64,) (some- 
times, as at Eppelsheim, the two occur together) were specially 
widely spread ; Eh. leptorhinus, Eh, minutiis, and others should 
:al8o be mentioned. Of other perissodactyle ungulates Tapirs (Pro- 
Rapines and Tapirus) were still present. * 

Among the Paridigitates the Hippopotami were remarkable for 
their wide distribution, in striking contrast with their ^present 
limitation to the single continent of Africa. In Newer Tertiary 
And older Drift times they spread over the whole of South Asia and 
South Europe, and as far north as England. The oldest (from the 
Sivalik Hills) possessed three upper and three lower incisors 
^Hcxaprotodon\ the later forms only two {Tetraprotodon). To 
the latter group belongs the Upper Pliocene and lower Drift form, 
//. major^ scarcely distinguishable from the living H. amphibius. 

Since Miocene times true Pigs have been present in Europe, and 
in the Pliocene, especially in the Sivalik Hills, they were very 
:abundant. Sus antiquus occurs in the Miocene ; S. erymanthus 
is a gigantic Pliocene form. 

Passing on to the highest Paridigitates, the Euminants, we see 
the CamelidsB playing a not inconsiderable part. The genus 
4Jamelu8 itself is only known from the Uppermost Pliocene of the 
Sivalik Hills, while allied genera (Aucheniaj the llama ; Protau- 
'Chenia) are present also in the younger Pliocene of South and 
North America, and their predecessors {Procamelus, ProtolabiSj 
<etc.) reach back in the last-named region to the older Neogene 
and probably even further. 

c. G- B B 
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The Deer are much more important. The oldest, among which, 
for example, is the Lower (?) Miocene Procervulus, according to 
Gaudry, did not cast their horns ; bat, like antelopes, sheep, etc., 
bore permanent antlers, and thus bridged over the gap which exists, 
now between antler and horn-bearing ruminants. The older deer 
are distinguished by a long pedicle and deeply-forked, two-pointed 
antlers (Sub-genus, Palceomeryx or Dicroceinis [Fig. 65a and b] 
from Steinheim, Sansan, Pikermi, etc.). Later there appeared 
forms wit*ii short pedicle and three-pointed antlers (Cervus Ma- 
theronis and 6'. martialis)^ and from the Uppermost Pliocene we 
get the first with richly branched antlers (C SedgicickDj Pig. GG. 




Fio. 66.— Antlers of : a, Cervu» (Palcpomery) eUga^u, Lartet=/ureatttf , Htns. ; Miocene^ 
Sanaan. b. C. (Pal.) anoctrm, Kanp. ; Pliocene, BppelBheim. e. C. Matheroni$, Gktudr., 
Pliocene, M. Lnberon. d. C, vuirtialU, Crolz. and Job. ; Pliocene, St. Martial (all about 
} nat. iiize). 

The Antelopes also are of great importance. They are most 
abundant in the Older Pliocene (Mt. Luberon, etc.), while in the 
Older Miocene (Sansan, etc.), they are still rare. The Giraffes of 
Pikermi and the Sivalik Hills {Helladotherium, CamelopardaUSf 
Slvatherium^ etc.) also require mention. 

The genus Tragocei'os from Pikermi is an interesting form inter- 
mediate between antelopes and goats; while true goats, sheep, 
and also cattle are not greatly developed till the beginning of the 
Drift. Of the latter only the late Pliocene Bos etruscus (Val 
d'Amo, etc.) was represented in the European Neogene, whilst at 



372 rv.— KEOZOIC GROUP. 

the same time they were already well developed in India (B. plant- 
front, B. namadirMS, Bison givalcnsts). 

The Caraivora attained a full development in Neogene times. 



Fiu.M.—CeniitSidiaicti, Falc. Upper Miocene, V>1 d'Araa(ii,'u>- 

They were in part, e.g. llyanarctos (Sivaliks, South of France), 
IciithcHum, and Hyceniclis (Pikermi), synthetic types of Hyfe- 
nidae, Viverridte, and Ursidfe ; but the Pliocene has also yielded 
true hy»naB, cats (FcUs attira, Pikermi), dogs {Cams etruscvs. 



Fid. *I7.— ilachnndid mcgonlJurrun, Croii. uia Job. PlioccDe of B. Fruice (x )). 

Val d'Amo), and bears (South of France). One of the most char- 
acteristic forms was Mack(BrodUB, the sabre-toothed tiger, which 
spread over almost the whole world in Pliocene times, and reached 
also inta the. Drift. This was probably the most terrible carnivore 
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tliat ever ]ived, and bore large, strongly compressed, sabre-shaped 
upper canineB, toothed on the edge. 

The Apes, Kodents, Inaectivores, etc., were of leas importance- 
Apes were still spread over the whole of South and Central Europe 
(Pikenni, Southern France, Eppelsheim) in younger Tertiary times. 
Of the Hodents, the genera Ccufor, ^'tfrus and others were already 
present. The Edentates, as at present, had their home in Neogene 
times principally in South and North America. Burmeister has 
described □ whole series of forms, some of gigantic size, from the 
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younger Pliocene Pampas formation of the Argentine Republic. 
Among the best known of these were the Glyptodon, which reached 
the size of a rhinoceros, and was provided with tortoise-like immov- 
able armour, composed of numerouB polygonal bony plates, and bore 
also a long armoured tail ; and Megatherhnn, the giant sloth, an 
animal of the size of an elephant, with enonnoualy large bones 
long heavy tail, and relatively small head. An allied form, smaller 
in size bnt still clumsier in build, is known as Mylodon (Fig. 68). 



B. QUATERNARY SYSTEM. 

The Quaternary system represents the latest period of the 

history of the earth, the period in which we are now living. It 
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includes the whole of the loose pebbly, sandy, loamy, clayey and 
other deposits of post-Tertiary age — deposits which were known 
by the geologists of the Wemerian School as ^^ anfgeschwemmtetf 
Land." At present the deposits in question are divided into two 
chief divisions : an older, the Drift, or Pleistocene (after the analogy 
of the terms Miocene, Pliocene, etc., from irXcioror, the most, and 
Kaivo^^ new), and a newer, the Alluvium or Recent deposits. 

The Quaternary is inferior to the older systems in thickness, 
but not in extent, in which it at least equals any of the older 
Pormations. The floors of almost all low-lying regions are formed 
of Quaternary deposits, which often, for example in the North of 
Germany, almost entirely cover up the older rocks. Owing to the 
circumstance that the Quaternary, and especially the Alluvial, 
<leposits everywhere afford the soil best fitted for cultivation, they 
are economically of the greatest importance. 

It has already been remarked of the Tertiary deposits, that the 
rapid changes in facies and the very limited extent of single beds 
make the accurate congelation of the deposits of different regions 
very difficult; and this is true in a still higher degree of the 
Quaternary beds, the difficulty of the determination of the age of 
which is often increased by the complete absence of fossils. 

1. DRIFT OR DILUVIUM. 

General axd Historical. 

The Drift or Diluvial Epoch, following directly on the Tertiarj', 
was the period of the gradual formation of the present geogi*aphi- 
cal, climatic, and biological conditions. The distribution of the 
sea at the beginning of the Drift epoch was not very different 
from the present ; nevertheless the Europe of that time differed 
in many ways from that of to-day. Thus, for example, the British 
Isles were still united with the main land. Whether the Baltic 
Sea Basin was already present, is not yet certain ; but Neumayr 
and Sllss have made it probable that the Adriatic and ^gean Seas 
were first formed in this period. 

The marine fauna of the Drift was very similar to that of the 
present day, while the land animals still showed great differences. 
Numerous still living forms were present and a number of extinct 
animals, such as the Mammoth, the Cave bear, etc. ; and in con- 
sequence of the coldness of the climate of Europe during the 
greater part of the Drift period, animals and plants which are now 
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entirely restricted to the Arctic Regions, then extended much farther 
to the south. 

Unlike the rocks of the older systems, the main mass of the 
Drift consists not so much of deposits formed in the ocean or in 
iarge inland seas, as of deposits from running waters. The 
;gravel8, sand, clay, loam, calcareous sinter, and peat formations in 
question are therefore in the main contained in the present river 
Talleys, the greater number of which were already present in the 
time of the Drift, although not as yet cut down to their present 
level. Along with these formations, laid down from running water, 
JEolian loams — i.e., loams borne by wind and rain,— play a con- 
siderable part. These often pass beyond the limits of the present 
valleys, and this is true to a still greater extent of the remarkable 
•Glacial deposits, which were formed by the agency of ice, and 
which both in Europe and other parts of the earth form a more 
or less continuous covering over very large areas. 

The most important characteristics of the Drift are due to the great 
reduction in temperature which took place at the time of its fonna- 
tion throughout the Northern Hemisphere, and probably through- 
/)ut the whole earth. That this remarkable period of intense cold, 
the so-called Glacial epoch, did not appear quite without warning, 
is proved by the gradual increase of northern species of shells in 
tlie Tertiary deposits of many regions. At the beginning of the 
J )rift epoch, however, the temperature had sunk so low that ex- 
tensive glaciers were developed in Europe, especially in the 
mountains of Scandinavia. Like the present ice sheet of Green- 
land, they covered the whole of the north of our continent with a 
thick, almost unbroken, covering of ice. These mighty diluvial 
glaciers carried an extraordinary amount of both coarse and fine 
materials, which on the melting of the ice remained behind and 
formed the Erratic, or rather Glacial, deposits of North Europe. 
■<llacial polishings and scratches, roches moutonnees, moraines and 
other appearances to be mentioned further, have remained in North 
Europe, in the mountains of Central and Southern Europe, in N. 
America and other areas, as witnesses of this mighty glaciation ; 
^ind along with the above-mentioned northern animals and plants, 
niford indubitable proof of the extreme cold of the Ice Age. 

In spite of the clearness of this evidence it was long before the 
correct view on the mode of formation of these extensive glacial 
-deposits of Europe and America gained acceptance. As early as 
tJie beginning of this century Flayfair asserted that the great 
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eiTatic blocks of the Swiss plateau had reached their present posi^ 
tions by the agency of glaciers ; and independently of him, the?- 
Swiss engineer Venetz had spoken in the same sense. But this ex- 
planation found little credit ; and in spite of the approval given to it- 
by Charpentier, L. Agossiz and others, it could not keep its ground 
against the " Drift theory " proposed by Ch. Lyell. According to 
this theory the erratic deposits were not formed by glaciers, but 
by floating icebergs. Like the ice masses laden with moraine- 
material which are derived from the Greenland glaciers and are- 
stranded yearly on the bank of Newfoundland, those icebergs- 
would be driven by ocean currents from Scandinavia to the south. 
Over the plain of North Germany, which according to LyelFs views- 
was at that time covered by the sea, they melted and dropped their 
burtlens, and thus yielded the material of the boulder clays, sands,, 
etc., of the Drift. 

For nearly thirty years the Drift theory of Lyell held its ground 
almost undisputed, in spite of many facts telling against it, such 
as the complete absence of marine shells over great areas ; till at 
length (1870-80) it was displaced by the Glacial theory. This was- 
the fruit of the long continued observations of the English and 
Scandinavian Geologists, and especially of the extensive compara- 
tive researches of the Swedish savant. Otto Torell. From his re- 
searches it gradually became clear that the Scandinavian and North 
German Glacial deposits were of the same constitution and origin. 
In consequence of this the Drift theory could no longer be held ; 
for the researches carried out in Scandinavia had proved with the* 
greatest certainty that the erratic deposits in that country had 
been formed by glaciers.^ 

In England, in the mountainous parts of which the traces of the- 
Ice period are everywhere clearly present, the new theory, chiefly 
in consequence of the beautiful works of Ramsay, the brothers- 
Geikie,^ and others, has long been universally received. In Germany,, 
thanks to the continuous researches in North Germany during 
the last fifteen years of the German and Scandinavian Geologists,, 
especially of Berendt, H. Credner, de Geer, Helland, Jentzsch,. 
Keilhack, Laufer, Penck and Wahnschaffe, and the fulness of the 
evidence thus gained of the former glaciation of this area, the* 
Glacial theory has now found almost imiversal acceptaiice. The- 

* Berendt, Zeits, d, deutscJi ged Oes. (1879), p. 1. 

» James Geikie, *^ The Great Ice Age," 2nd ed. (1877) ; and " Prehistoricr 
Europe " (1881). 
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North American Geologists also, who have lately occupied tifem- 
selves with the similar deposits of their country, have without 
exception adopted the Glacial theory, for the further support of 
which they have brought together a number of decisive proofs. 

The extreme cold and great glaciation did not last through the- 
whole of the Drift period. In the second half, more favourable 
climatic conditions stepped in, in consequence of which the ice- 
masses gradually melted away. In correspondence with this, one^ 
can distinguish an older Glacial period and a newer post-Glacial^ 
and also separate the oldest relatively warm phase of the Drift 
as pre-Glacial. Moreover within this Glacial period there were- 
repeated fluctuations in temperature, and, with them, alterations in 
the extent of the glaciers. Becent researches have shown that not 
only in Europe, but also in North America, the first chief glacia- 
tion was followed by a decided retreat of the ice-sheet, and again* 
by a second, though weaker glaciation. The period between the 
two glaciations, the climatic conditions of which nearly corre- 
sponded with those of the present day, is called the Interglacial 
period ; so that we now distinguish in all : — 

Post-glacial. 
Newer Glacial. 
Interglacial. 
Older Glacial. 
Preglacial. 

The very characteristic mammalian fauna of the Drift may be* 
divided into: (1) Forms since completely lost, c,g,^ the Mammoth,. 
Cave-bear, etc. (2) Beasts which became extinct or were ex^ 
terminated by man in historical times, such as Bos pinmigenivsy 
Bison prisctis, Cervus Qlces, etc., and lastly, (3) Northern animals 
which in consequence of the climatic conditions of that time invaded 
the south, such as the Musk Ox. Arctic Fox, Lemming and many 
others. 

In general one may] distinguish, according to these mammals,, 
three divisions of the Drift period, namely (1) The period of the^ 
predominance of El^phas antiqtmSj Machcerodics, and Hywna 
spelma. (2) That of the predominance of Elephas primigeni us (the 
Mammoth) and Rhinoceros antiquitatis=tichorhinu8^ with which 
Uf^sus speUsuSf Bos primi genius, Bison priscus and various other 
northern animals were associated ; and lastly, (3) The period of 
the greatest abundance of the reindeer. Bang if er tarandits. The- 
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MaHimoth and Rhinoceros were indeed present to the end, but 
were rarer than before. As will be shown more clearly below, 
•during the last phase of the second and the first half of the third 
period, numerous northern steppe animals lived in Central Euroi)e, 
:And these afterwards made way for a forest fauna. 

Lastly, it is in the Drift deposits that we find the first certain 
proof of the appearance of man. As a inile it is not so much 
the remains of the men themselves that we find, as the remains of 
their arts, especially more or less rude implements of stone. The 
•oldest period during which man was present on the earth, is called 
the Palaeolithic or Older Stone Age. 

Distribution and Development of the Drift. 

We begin with the description of the Drift deposits of the Alpine 
^rea, since this is the region from which the knowledge of the 
glacial formations of our part of the earth took its rise. Not only 
were the Alps themselves covered by huge ice-masses which left 
•only the highest points free ; but the country at their feet was also 
buried in ice. Especially on the northern side of the mountains 
the glaciers crowding together from all the large valleys filled the 
whole of the level part of Switzerland. They reached to the foot 
of the Jura, whilst eastwardly they stretched into Swabia, Bavaria, 
and Austria, and to the west they invaded the valley of the Rhone 
:as far as the neighbourhood of Lyons. Everywhere they have left 
•evidences oft this wide extension, in the form of huge terminal 
moraines which sometimes lie one behind the other in concentric 
bows, and which have often, as in the valley of the Garda SeCj 
helped in the formation of lakes. 

Erratics qi gigantic size, brought from the interior of the Alps, 
have been borne to considerable heights on the slopes of the Jura, 
and thus afford evidence as to the thickness of the ice-sheet. One 
•of the most remarkable of these erratics is the Pierre a Bot, a 
granite block some 15,000 tons in weight, which lies almo&t 1,000 
feet above the level of the Lake of Neuchatel. The weight of 
such erratics shows that they could not have reached their present 
positions by the action of floods of water or mud ; and the glacial 
polishings and scratches which are to be observed in the Alpine 
valleys at a considerable height above the highest of the present 
glaciers, the roches moutonnees, and the pot holes (hollowed out 
in solid rock by glacial streams) found far outside the mountains 
(for example in the well-known " glacial garden " near Lucerne), 
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ai-e other evidences of former glacial activity in the Alpine 
valleys. 

The Alpine glacial deposits consist chiefly of sandj gravels, and 
l^oulder clay, and in general commence with a gravel zone (to which 
belong the coarse conglomerates known as Newer or Diluvial 
Nagelfluh). This is overlaid by a zone of pebble or boulder clay, 
iind this by an upper gravel zone. The bedded Lower Gravels have 
been laid down by the melting water, which flowed from the glaciers 
•f.n their first advance at the beginning of the Ice Age. The com- 
pletely unstratified Boulder Clay consists of a loamy marly ground- 
mass, full of fragments of rock of all sizes and of all sorts, which 
xire sometimes scratched and polished, and are scattered through 
the clay without any arrangement. In all these characters the 
Boulder Clay agrees precisely in appearance with the ground 
moraines of the present glaciers, and it is in fact only the ground 
moraine, locally some hundred feet thick, of the great diluvial 
ice-sheet. The bedded Upper Gravels, like the Lower, have 
been laid down by the water derived from the glaciers on their 
TCti'eat. 

In the Alps we can also distinguish an older and a newer 
period of glaciation separated by an interglacial period. To 
this interglacial period belong the lignites of Utznach, Diimten, 
<3tc., in Switzerland, the flora of which has been described by Heer 
and consists of beeches, birches, maples, larches, firs, etc., while 
the fauna of the period included Elephas antiqiius^ Rhinoceros 
Merckiij Bos priinigenius, the cave bear, various deer, etc. Heer 
reckoned the mean temperature of this region at that time to have 
been 6-9"^ C, as compared with 8*7° C. at present. At some other 
})laces, such as H5ttingen, not far from Innsbruck, Sonthol'en in 
Bavaria, etc., similar interglacial deposits have been found. 

Very different from this was the true glacial flora, as it was 
found by Nathorst at Schwarzenbach, not far from Zurich, in a 
«haly layer under the old ground moraine. It consists of purely 
northern forms, such as Salix polans, BctvXa nana^ Polygonum 
riviparunij Hypnum Wilsoni, etc. 

Sweden and Norway almost everywhere show the clearest 
•evidences of diluvial glaciation, such, as polished and scratched 
rock surfaces, roches moutonn6es, " giant kettles," moraine walls, 
«tc. According to Erdmann, Kjerulf, Torell, Nathorst, Helland, 
•<le Geer and others, the following general classification may be 
4.^stabJished for the glacial drift of Scandinavia : — 
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Postglacial. B3dd€d sands of the retreat (Bullstensgros). 
NewerGlacial. Upper ( mainly yellow) Boulder clay (Kroasten sh 

lera). 
Interglacial. Bedded sands and clays (with remains of thedwarf 

birch, etc.). Chiefly in South Sweden (Scania). 
Older Glacial. Lower (blue) Boulder clay (Krosstenslera). 

The so-called Asar are peculiar deposits which are found chiefly 
in Scandinavia, but also in the North of Germany. They form 
wall-like ridges of sand and pebbles, which are sometimes 100 ft, 
in height and often wind for many miles across the country. 
Their origin is not yet satisfactorily explained ; but probably they 
were formed by the filling up of channels which the melting 
water had hollowed out in the ice-covering. 

The thickness of the Scandinavian land ice must be estimated 
at least at 1,000 metres, for it passed over mountains more thaa 
1 ,800 metres high. 

From Scandinavia this mighty ice-sheet spread not only to Fin- 
land and the Russian Baltic Provinces, but also far to the south- 
east and south, into North West Russia and North Germany ; 
so that the Baltic basin, if indeed it existed, was no hindrance to 
its progress, Up to the region where the Petschora opens into the? 
Arctic Ocean, and far beyond Moscow and Kiew, the ground 
moraine of this gigantic ice-sheet may be followed, whilst its south 
border runs to the west somewhat beyond Lemberg and Cracow^ 
along the north border of the Biesengebirge to Dresden and 
Chemnitz, and along the north border of the Harz, beyond Hild- 
stein, Dortmund and Essen, to Groningen in Holland ; from thence 
in the south-east of England to the neighbourhood of London, 
The erratics of Scandinavian granites, gneisses, etc., which reach 
up to a height of 1,200 to almost 1,500 feet on the slopes of the 
Harz and Riesengebirge, allow us to form some idea as to the 
depth of the ice in these areas. 

The thickness of the glacial deposits spread over this great area 
is variable and decreases in general from the north to the south. 
On Seeland borings have given a total thickness of 126 metres, at 
Hamburg and Berlin they have reached more than 100 metres f 
while in the neighbourhood of Halle on the Saale on the other 
hand they are only 16-20 metres thick. 

The constitution of the North German glacial drift is quite like 
that of Sweden. We distinguish : — 
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Postglacial. Upper or coTeriog sand. 
Newer Qlacial. Upper (jellow) Boulder clay. 
Interglacial. Middle Diluvial sand (with mammalian 
occsBionally with intercalated bedi of calcareous tuff. 
Older Glacial. Lower (blue) Boulder clay. 
Fre-glacial. Bedded sands and clays. 

From this agreement in constitution alone we could infer an 



m] Area of the first glaciatton. 
B Area of the second gladafion. 

Fis. CO.— Extent of ths lot-ibMt uid glacian daring tbs Ice Age In Europe. 

agreement in origin, which certainly no one can doubt who knows 
the deposits in question in both conntries. Whilst the two un- 
bedded Boulder Clays filled with scratched blocks of Scandinavian 
origin, like the ScandinaTian Krosstenslera and the similar Bonlder 
Clays of the Alpine region, are to be considered as the ground 
moraine of the Scandinavian land-ice, the intermediate middle 
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sands, and also the covering sand and the lowest (pre-glacial) sand» 
are deposits from running water which flowed from the ice on its- 
retreat, or on its first advance. That the Diluvial Sand of North 
Crermany consists mainly of Scandinavian material is proved by 
its richness in red felspar grsdns derived from the destruction of 
massive rocks (Granite, Gneiss, etc.)} whence it has been called b}' 
the name of Spathsand. 

Remains of the Pre -glacial fauna and flora have been described 
b}' Keilhack from the region of Belzig and Uelzen. Among the- 
plants are the maple, alder, lime, willow, pine, and others of our 
present forest trees, whence we may infer a climate correspond- 
ing fairly well with the present, Pahidina diluviana (LXXIII- 
4) the most important type fossil of the North German Diluvium 
(proved by Neumayr to be living in the Dobrudscha) is also of 
Preglacial age. Its original position was in the Preglacial gravels 
and sands ; and from there it has been transported into the lower 
Boulder Clay and the Middle Diluvial Sand. Together with 
Paludina diluviana occur more rarely some other shells, such a» 
Dreissena polyinorpJia, Lithoglyphus naticoides, Cyrena flumi- 
nalis — all four are now living in the Lower Danube, or in the^ 
Caspian area. 

During the Interglacial period also the climate of North 
Germany was probably not very different from that of the present 
time. In the sands belonging to this period at Bixdorf near 
Berlin we find numerous remains of Mammoth {Elephas primi- 
genius), Elephas antiquus, and also Rhinoceros antiqidtatis^ the 
giant elk {Cervus mcgaceroH)^ the Greenland reindeer {Rangifer 
gvtxnlandicus), Bos priscics, Ovibos moschatus, Ursits, etc. 

The beds with marine shells in the N. German Diluvium are 
only of limited extent and occur in E. and W. Russia, Holstein 
and Schleswig, and in Denmark. Here belong the W. Prussian 
Cyprina and Yoldia clays with Cyprina islandica, Yoldia (Leda) 
arctica, Tellina solidiila, Corbula gibha, etc. According to Torell 
both are of Preglacial age, but the Cyprina clay was formed 
during an older warmer period of the Preglacial epoch, for in it 
we find Ostrea edidis and other North Sea forms. The Yoldia 
clay on the other hand contains a completely Arctic fauna, includ- 
ing remains of Narwhals as well as the Yoldia, One can scarcely 
but believe that an arm of the Arctic Sea must have reached at 
that time beyond the Ladoga and Onega Seas into the regions in 
question. In Jutland, Sweden, and England, Yoldia clays occur 
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also at higher horizons, up to the U. Diluvium.— The Sands of 
Elbing, on the other hand, with Cardium edtUc, Mactra soUdOy, 
Tellina hcdtica, Nassa retictilata, etc., are, according to Jentzsch,. 
of interglacial age. This is true also of the similar outcrops which 
may be followed in a W. direction into Holstein, Schleswig and 
Denmark, and which no longer contain Arctic forms, bnt mainly 
those of the North Sea, and thus afford evidence that the earlier 
connection with the Arctic Sea ceased in the Interglacial period,, 
and instead the area in question was directly connected with the- 
North Sea. 

The difference in the extent of the two glaciations is a point 
of great importance. The southern limit of the Olacial deposits in 
N. Germany and Kussia as given above shows the S. limit of th& 
first or Older glaciation. The second glaciation did not extend so* 
far to the south, and in the west of Germany did not reach beyond 
the Elbe. The direction of movement of the ice was also quite 
different in the two cases. The motion of the older land-ice — a» 
shown both by the glacial striae on the rocks and by the direction 
in which the Scandinavian blocks have been carried — was in the 
main from N. to S. ; while that of the younger was chiefly from E, 
to W., from Finland and the Russian Baltic Provinces over the bed 
of the Baltic to S. Sweden, Denmark, and N. Germany. That 
during the first glaciation there was a partial transport from E. to 
W., was first shown by Nathorst for Sweden and was confirmed 
b}** the discovery of the Finnish Rapakivi granite and Esthonian 
Silurian limestone with Pentamerus horealis in the Lower Boulder 
Clay near Groningen in Holland and Jever in Oldenburg. 

That the North German Boulder Clay, like the bedded diluvial 
sand, was formed by glacial action and not by transport on icebergs^ 
is shown by the following facts : — 

1. The character of the Boulder Clay, which in the absence of 
bedding and the quite irregular distribution of the blocks, mostly 
only slightly rounded, and often polished and scratched, bears all 
the characters of the ground moraine of the present glaciers. 

2. The roches moutonnees, polished surfaces and scratches on 
the exposed rocks, such as those observed on the Quartz porphyry 
mountains of Taucha and Lommatzsch in the kingdom of Saxony 
and near Halle on the Saale, on the Muschelkalk of Riidersdorf 
near Berlin, the Keuper sandstone of Velpke not far from Magde- 
burg, and other places. 
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3. The large wall-like collections of blocks which often form 
parallel ridges many miles long, present exactly the appearance of 
old terminal moraines. A specially fine example of such a wall 
IS afforded by the so-called S. Baltic End Moraine, lat-ely de- 
scribed by Berendt and Wahnschaffe, which stretches from the 
neighbourhood of Neustrelitz in a south-easterly direction beyond 
Templin, Joachimsthal, Chorin and Oderberg, and has been 
traced over a length of almost 100 kilometres and probably 
reaches still farther.* 

4. The Giant potholes, which have been found in great abun- 
dance in the limestone of Rtidersdorf, the gypsum of Wapno, the 
diluvial clay of Uelzen, and the Jurassic of the mouths of the 
Oder, etc. 

5. The distribution of the various kinds of boulders in the older 
Boulder Clay, which shows that the lines of transport radiated 
from a centre in Scandinavia and Finland. This mode, of dis- 
tribution has brought it to pass that in England we find chiefly 
such rocks as the Rhombic porphyry and Ziikon syenite from tho 
■Christiania area; near Kiew, on the other hand, mainly the 
Finnish Rapakivi granite ; and in the central drift region of N. 
-Germany we find blocks of which the home lies in central and 
iiouthem Sweden, and on the islands of Oeland and Gotland. Also 
where the land ice has passed over exposed surfaces of rock in 
the N. German plain (such as the limestone of Rtidersdorf, the 
l)orphyry of Halle, and the much more extensive chalk outcrops 
of the Baltic coast), the fragments of these rocks torn off by the 
ice (the so-called local ground moraine) are always carried in the 
direction of movement of the ice, Le. in the main from N. to S., a 
circumstance which cannot well be explained by the Drift theory. 

Whether the numerous disturbances and small foldings which 
^re perceived in the beds forming the immediate foundation upon 
which the Boulder Clay lies are in all cases to] be referred to the 
pressure exerted by the ice on the earth below it, still appears 
doubtful. They may in part be due to internal dislocations such 
jis in loose rocks might easily result under the influence of gravity, 
and in part also to earth-movements. 

The Glacial deposits of England are in general very like those 

^ " Jahrb. d. preuss. geol. Landesanst.*^ (1888), p. 110. — Keilhack has traced 
another still larger terminal moraine along the whole of the southern border 
•of the Pomeranian plain, from West Prussia into Neumark. " JahrU d. 
preuss. geol. Landesanst.^^ (1889), p. 142. 
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of Scandinavia and the Continent. Here also along with nnbedded 
Boulder Clay« or Till, the bedded sands and gravels play an 
important part. The Preglacial Forest beds of Cromer in Nor- 
folk lying on the Pliocene Crag are of peculiar interest. They 
contain remains of the oak, alder, hazel, pine, etc., and of some 
fifty great mammals, among which are Elephas rneridionalis, E, 
, antiquuSj E, primigeniits, Hippopotamvs^ Rhinoceros^ EquuSy 
MachceroduSf and Ursus spelceus. In all, about one-third of the 
species (including the two first-named species of elephants) are 
common to the Crag. In the Freshwater beds which follow 
the Forest bed, the number of Tertiary species diminishes ; and 
in the still higher Myalis beds with Yoldia arctica^ which lie 
immediately below the oldest Boulder Clay, the influence of the 
cold shows itself in the clearest manner.^ 

Although England was completely covered by ice in the Ice 
Age, ypt, with the exception of the S.E. part, which was over- 
ridden by the Scandinavian ice, it was covered by its own glaciers 
radiating from the centre of the country. The ice scratches are 
everywhere directed from the centre of the island to the coasts, 
and allow of no doubt on this point. Similarly Helland has 
shown that the Faroes had their own proper glaciers ; whilst the 
Shetland Islands, lying between Scotland and Norway, lay within 
the influence of the Scandinavian sheet.' 

Compared with their great development throughout the N. of 
Europe and in the Alpine area, the glacial deposits of the other 
mountains of Europe are of little importance. Yet more or less 
distinct traces of glacial activity are found on the Vosges, in the 
Black Forest, in the Biesengebirge, and in the Harz ;^ and 
the High Tatra, the Pyrenees, and the Caucasus, also carried 
glaciers of considerable size during the Drift period. The Ural 
also was glaciated almost as far south as N. Latitude 61^. 



Among the Drift Deposits which were formed in the parts of 
Europe untouched by the glaciation, the most important are the 
gravel and pebble terraces which are observed in almost all 
the valleys, both of the mountains and the plains. These are 

^ Sandberger, PaUB&ntographica, 1880. 

' See the maps of Holland, ZeiU, d» deutsch, geol. Ges, (1879), pi. 21 ; and of 
De Geer, Ibid. (1885), pi. 13. 

' Partsch, " Die Gletsclier der Vorzeit in den Karpathen und den Mittelge- 
birgen Deutschlands " (1882). 

C,G, CO 
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the remains of old valley floors, which originated at a time 
when the rivers had not yet hollowed out their channels to their 
present level. The lowest terraces, which lie but little above 
the present floor of the valleys, in many cases belong to the older 
Alluvial period ; bat the higher terraces, of which there are two or 
three one above another, were formed in the Drift period. Not 
only their position, but also the remains of the extinct Drift 
animals found in the gravels and sands covering them, allow of no 
doubt on this point. 

Another Drift formation which spreads over extensive areas of 
Europe from the Channel to Galicia and Hungary, but the origin 
of which is still doubtful, is the Loess. It is a fine, powdery, 
yellowish, calcareous, un bedded loam, which is perforated by in- 
numerable little vertical tubes, and is distinguished by a marked 
tendency to vertical cleavage, and thus to the formation of vertical 
walls. The calcareous matter often forms concretions, which, on 
account of their remarkable shapes, are known as LossmUnchen 
(Loess-mannikins) and Ldsspuppen (Loess-dolls). Only three 
shells occur so widely and abundantly as to play the part of type 
fossils, namely : Helix hispidaj Succinea oblonga, and the small 
Pupa muscorum (LXXIIL 5-7). These and the greater number 
of the other less common shells of the loess, are all land shells, whilst 
freshwater forms are unknown in the true loess.^ Remains of land 
mammals are not uncommon, especially of the Mammoth (LXXI. 1, 2) 
and Rhinoceros (LXXIII. 1). The deposit occurs both in the depths 
of the valleys and also on the higher parts of the slopes and on the 
plateaux, where under certain circumstances it reaches to a height 
of 1,000-1,500 feet. The higher loess is distinguished from the 
typical low-lying form by its comparative impurity, the smaller 
amount or complete absence of carbonate of lime, and by the 
rarity or absence of shells. The two, however, are often so closely 
connected that the frequently attempted separation into Valley 
and Hill loess cannot be practically carried out. It is noticeable 
that the Valley loess as a rule occurs only on one side of the valleys 
(as the so-called Elankenlehm or flanking loam), and indeed on 
that side which is protected from the prevailing winds, while the 
opposite side is free from loam. When the loess, as is so often the 
case, occurs in company with diluvial gravels, it covers them, and 

> The so-called SandlOss of the S. Qerman geologists is a bedded impure 
loess-like deposit, containiDg freshwater shells, and strictly speaking ought 
not to be called " loess." 
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must therefore be younger than they ; but it usually overlaps 
them so as to lie in part directly on older rocks. 

The earlier view on the origin of the loess was, that wherever it 
is typically developed — as especially in the Rhine valley between 
Basel and Bonn — it is the silt deposited by th0 waters which on 
the melting of the great ice sheet filled the valleys of that time toi 
a considerable height. This view was upheld by Lyell, Ramsay, 
J. Geikie, and others for the Rhenish loess, and is still held by 
some geologists, e.g. by Wahnschaffe, for the loess lying north of 
the Harz, and for the B5rdeloss of the Magdeburg district, which 
is coloured dark by superficial mixture with humus. According 
to Sandberger, on the other hand, who has occupied himself with 
the Main valley, the loess is a product of the high floods of that 
river ; and a similar view has been proposed by Gflmbel and 
others for the loess of the Rhine. 

The absence of freshwater shells, the usually complete absence 
of bedding, the capillary structure, and above all the great varia- 
tions in the height of the loess within a short distance, prevent 
these explanations from being in any way satisfactory. If in fact 
in late diluvial times an extensive area had been covered by 
water to the height of the highest occurrence of loess, one would 
have expected to find other evidence of this, and such evidence is 
not known. 

Under these circumstances it can easily be understood that 
many geologists have recently been led to believe that the loess is 
not always a water-deposit, but, as Richthofen has taught, an 
8Bolian formation, i,e, a deposit formed by wind. It was for the 
loess of China that Richthofen first proposed this new view, — a 
deposit which resembles the European in all essential points, but 
reaches a thickness of 1,000 feet and a height above the sea of 
7,000 feet.^ Afterwards he applied the same explanation to the 
loess of Europe and other areas. According to him loess is formed 
in regions where, as in a large part of Central Asia, the dryness 
of the climate allows the products of weathering of the rocks to 
collect in extraordinary amount and so causes the terrible dust 
storms which are described by all travellers in those regions. 
Where the dust falls on a naked rock floor, it may remain only till 

» Richthofen, « China," vol. i. (1877), pp. 56, 152. " Verh. d. Ges. f . 
Erdkxirde zu Berlin " (1878).— See also Tietsse, " Jahrb. d. geol. Reichsanst." 
(1882), p. 105, and WabnschafTe, ** Die Quart&rbild. d. Umg. v. Magdeburg. 
Abh. d. preuss. geol. Landesanst.," vii. p. 1 (1885). 
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it is again whirled away by the next gust of wind. When it falls 
on a grass-grown steppe and the grass stems lend it support, it 
will be otherwise. From the fallen dast-bed a new grass covering 
always springs, and thus are afforded all the conditions necessary 
for the formation of a thick deposit of dust.^ On this view the 
origin of the capillary structure, which was formerly inexplic- 
able, is easily understood, for it has been caused by the dead 
roots of the grasses. The absence of bedding, the practically com- 
plete absence of freshwater shells, but presence of land snails and 
higher terrestrial animals, appear to be necessary consequences of 
such a mode of formation, and the variable and sometimes very 
great height is also easily understood. 

Soon after it was proposed, this iEolian theory received unex- 
pected support from the extremely important discoveries made by 
Nehring at Thiede in Brunswick, and at Westeregeln. In the 
loess of those places he found a rich fauna very closely resembling 
that of the steppes. Along with the usual large plant-eaters of 
the Drift, the Mammoth and Rhinoceros, there occur a number of 
animals of which some, such as Cervits tarandus^ Ovibos moscha- 
tu8y Lepu8 glacialis, etc., now live in the North, and others, such 
as Antilope saiga, Myodes torquatuSy M. ohensis, Arctomys bobaCj 
Lagoniys pusillus^ Alactaga jacvlus, Spermopkilus, etc., dwell in 
the Siberian tundras.* More recently similar faunas have been 
found at many other points (by Liebe in the Lindenthal cave at 
Gera ; by Sandberger in the Main valley ; by Woldrich at 
Zuslawitz in Moravia ; also at Steetin on the Lahn, at Nussdorf 
near Vienna, etc.), and we may therefore conclude that in the 
later glacial period the climatic conditions prevailing in Central 
Europe were similar to those of to-day in the so-called steppe 
regions. According to later researches it appears indeed as if the 
steppe character of Germany was not quite simple, but rather 
that the steppe was here and there interrupted by extensive 
forests. All the circumstances, however, seem to show that at 
that time a cold dry climate, favouring the formation of SBolian 
loess, prevailed in general in the N. of Europe.' Afterwards the 

^ It should be noticed that, according to recent observations in Saxony, 
collections of dust are formed by the wind in winter, which closely re- 
semble the true Loess of the Drift. ZeU$, d, deuttck. geoi, Oes, (1888), p. 575. 

• " Archiv. f. Anthropol.," vols. x. and xi. (1878). 

> Sandberger, judging from the fauna, reckons the mean annual tem- 
perature of the valley of the Main during the Loess period at 4*4* C=that 
of St. Petersburg at the present time. 
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climate gradually grew moister, so that forest vegetation could 
develop more quickly, and a new fauna, including large forest 
animals, could exist. Woldrich, therefore, divides the Diluvial 
and Post-diluvial period of Central Europe into four different 
phases — 1. Glacial, 2. Steppe, 3. Pasture, 4. Forest. 

The most important of the remaining formations of the Drift 
period are the deposits of the bone caves and the deposits of 
peat and travertine. Extensive deposits of travertine are 
found in Germany, for instance, at Cannstatt near Stuttgart, 
at Weimar, Burgtonna, Mtthlhausen, and Greussen in Thuringia, 
etc. Diluvial peat-beds, on the other hand, occur especially at 
Enkheim near Frankfort on the Main, Eosenheim in Bavaria, 
and other places; while of the extra-Gterman "occurrences, the 
extensive Irish peat-bogs are the most remarkable (as the chief 
locality for the gigantic extinct elk, Cervus megacero8 = hib€r' 
nicus [LXXIL 2]). 

The caves in which the bone deposits are found occur mostly 
in limestone, dolomite, and gypsum rocks, as the result of the 
denuding action of water on these comparatively easily soluble 
rocks. The floor of the caves is usually formed by a reddish-brown 
ferruginous sandy or stony loam, the so-called cave earth, which 
is covered above by a layer of stalagmite, and often contains an 
abundance of bones of the most various sorts. Well known ex- 
amples of such bone caves in Germany are the Gailenreuth and 
Muggendorf caves of the Franconian Jura, the Baumann, Biel and 
Hermann caves at Rtlbeland in the Harz, the Decher cave not far 
from Iserlohn in Westphalia, and others. In Belgium, England, 
France, and the Mediterranean countries, they are not rare in 
the limestone rocks. One of the characteristic animals of the 
bone caves is the Cave bear, Ursus speUeus (LXXI. 3), of which 
the remains of some 800 individuals have been found in the 
Gailenreuth cave. Another abundant form is the Cave hysena, 
Hycena speLaeua^ which occurs in great numbers, especially in 
England. The remains of the Cave lion, the reindeer and other 
deer, of the elephant, rhinoceros, horse, ox, various rodents, etc., 
are also common. 

The only important marine formations of the Drift period are 
the highlying old coastal terraces with marine shells. They 
afford evidence of a higher shore line at that time, and are met 
with especially on the coasts of Norway and Scotland, where they 
are clearly marked and are of great extent. The highest Swedish 
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shell banks lie almost 200 metres above the present sea level, and 
the best known is that at Uddevalla, not far from Gothenburg. 
These contain Pecten islandicus^ Yoldia arcticay Saxicava arctica, 
Buccinum grcenlandicum, and other forms of high latitudes; 
whilst in the lower terraces, a fauna like that of the present 
North Sea gradually makes its appearance. In Scotland the oldest 
terraces lie at a height of about 100, the newer at 50-45, and 
the latest at 30-25, feet above the level of the North Sea. On 
the French, Spanish and Italian coasts, such old terraces, with 
collections of shells, are by no means absent. Here also the highest 
contain a series of Northern forms, such as Cyprina islandica, 
Buccinum grcBtilandicunij etc., which are found at Palermo and 
on Rhodes Island. 



Passing to other parts of the earth, several of the high mountain 
chains, such as the Himalayas and the Tianshan, show traces of 
a former considerable glaciation. In Northern Asia there are 
Drift deposits of great extent in the N. of Siberia. Elephas 
pHmigenius was there present ; and its remains occur locally in 
such numbers that a very considerable part of the ivory of 
commerce is derived from the tusks of the mammoths found in 
Siberia. Still more striking is the fact that in the permanently 
frozen soil of that region corpses of the mammoth and of Rhinoceros 
Merckii have been repeatedly found with even the skin and hair 
preserved. Another very remarkable formation is the diluvial ice 
which occurs at some places in N. Siberia (as on the New Siberia 
Islands), and still more in Eschscholtz Bay on the coast of Alaska. 
It is from iifty to some hundreds of feet thick, and is interrupted 
by layers of coastal deposits, and covered by loam deposits with 
remains of mammoths and freshwater shells. 

Glacial deposits are developed on a very large scale in N. 
America, where they cover a still larger area than in N. 
Europe. Moreover in N. America the ice-sheet reached con- 
siderably farther south than in Europe, viz. to about 40° north lati- 
tude, about the latitude of Naples and Madrid. The character of 
the N. American glacial deposits agrees very closely with that of 
N. Europe. This is true especially of the true moraine deposits, 
the Boulder Clay. In N. America also there were two glacia- 
tions, separated by an Interglacial period, and here also the later 
glaciation was not of so great extent as the older. To the first 
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belongs the gigantic end moraine, whicli haa been traced from the 
Atlantic coast over a length of more than 450 miles into Dakota. 
The thickness of the ice-sheet is estimated at 3,000-5,000 feet, 
and here also gigantic erratic blocks have been carried nearly 
1,000 miles. Thus, for example, pieces of native copper from the 
Lake Superior have been found in the middle of the States of 
Indiana and Illinois. 



[P Area of the first glaeiation. 
M -Area of the vecond glaciation. 
— The great Terminal Moraine. 

Fis. TO.'-Mkp of the lix Sbtet Uid GlMiara in North America. 

A remarkable feature of that time was the presence of great 
lakes in the western part of the country, especially in the region 
of the Great Basin, which have been made known to us by the 
works of C, Eing, Gilbert, Russel and others. The most important 
was the so-called £ah(ttifa Lake, a water basin which stretched 
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to the foot of the Wahsatch Mountains. The last remains of this 
now form the Great Salt Lake of Utah, which even now is over 
11,000 square miles in area. Another, the B o nneville i^ke, lay 
on the west side of the Great Basin. Its banks are marked by 
uncommonly sharply defined terraces, the highest of which lies 
more than 1,000 feet above the present level of the Great Salt 
Lake. 

TTE'e so-called Briftless area of the Upper Mississippi is very 
striking. It is a strip of land, some 10,000 square miles in extent, 
in the midst of the glaciated area ; and, in spite of its low-lying 
position, has remained unglaciated.^ According to the views of 
Chamberlain and Salisbury this is to be explained by the topo- 
graphical features. The high land on the north and the valleys 
of Lakes Michigan and Superior directed the ice to the right and 
left of this area in such a manner that it retained its direction 
for a great distance, and consequently the intermediate area was 
untouched by the ice. 

Loess-like deposits occupy a large area, especially in the Missis- 
sippi region. They are considered by some of the American 
geologists as iluviatile, by others as seolian deposits. 

The mammoth, Elephas primigenius^ lived only in the most west- 
erly parts of N. America near Behrings Straits. In the south of 
the United States its place was taken by a local American form, 
E, americanus. Throughout the rest of the country the chief 
part was played by the giant Mastodon giganteus or M, ohioticuSj 
the " American mammoth " (LXXII. 1). Another characteristic 
form of the N. American Drift is Hippotherium^ a form which, 
like Mastodoiij there lived into the Drift period, while in Europe 
neither reached beyond the Tertiary. The genera Rhinoceros^ 
HippopotatnuSf and Hycena^ so important in the European Drift, 
are entirely absent in N. America. 

In S. America, as Darwin long ago showed, glacial deposits 
are very widely spread, especially in Patagonia, Tierra del Fuego, 
and Chili. Within the tropics, on the other hand, traces of former 
extensive glaciation have been found only in the Sierra de Santa 
Marte (11° north latitude), in North Columbia and in Venezuela. 
Penck considers this to be evidence that the glaciation of the 
Drift period did not affect the two hemispheres one after the 
other as had been supposed, but together. 



* In the map this is left white. 
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New Zealand also, as has been shown by v. Hochstettei; and 
others, bore large glaciers during the Qlacial period. 



The last deposit that requires notice is the "Laterite," which 
is so widely spread in moist tropical areas (India, Africa, South 
America), and probably belongs chiefly to the Drift period. It is 
a red or brown ferruginous rock, which has been formed by the 
decomposition of various rocks containing iron, and generally 
presents a scoriaceous appearance owing to the manner in which 
the iron has segregated. 

Mammalia of the Drift. 

After the observations already made on the flora and molluscan 
fauna of the Drift, it will only be necessary to give here a short 
general description of the most important element of the Drift 
fauna — the mammals. 

Starting with the Old World, the genus Elephas everywhere 
played the chief part. The most widely spread form was E, 
pri7nigeniu8, the Mammoth (LXXI. 1) which is found in extra- 
ordinary numbers, especially in Siberia. The well-preserved 
bodies found in the frozen soil of Siberia show that, thanks to its 
thick coat of woolly hair, this species was adapted to life in a 
cold climate. In S. Europe there were two other large species of 
Elephant, E, antiquvs and E, meHdionalis (the latter occurring 
also in the Upper Pliocene) ; while in the Island of Malta, which 
was then connected with the Africai\ continent, there lived a 
dwarf form, E, melitensis. Other species still have been described 
from the East and India. 

Among the Imparidigitate Ungulates the genus Rhinoceros is 
of special importance, with the chief species — Rh. antiquitatis^ 
ticJiorhinus (LXXIII. 1) — distinguished by its ossified nasal 
partition. This was the companion of the mammoth, and like it 
was protected from the cold by a coat of woolly hair. Whilst this 
species has two horns, the Siberian Rh, Merckii and the Rh, 
leptorhinus of the south were hornless. To the homed forms was 
allied the giant Elasmotheriuin of Siberia, with very weak, 
probably hornless, nasal region, but with a large swelling on the 
forehead, which no doubt bore a horn. Among the Hippopotami 
the Hippopotamus majors a form scarcely distinguishable from 
the living H, amphibitis, was not rare in the older Drift period. 
The Horse also {Equus fossilis) was widely spread. 
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Among the Paridigitate Ungulates the ruminants were the most 
important in the Drift period. There was in the first place the 
giant Irish elk with flattened horns, Cervus (Megaceros) giganteus 
=hib€micu8 (LXXIT. 2), which was especially abundant in the 
Irish peat-bogs, but was also scattered over the whole of Europe. 
Of other species of deer there were C dices, the elk, and C. 
elaphuSj the stag, while one of the most widely spread of the Drift 
animals was the reindeer, with the two species C {Rangifer) 
tarandus and C. grcBtdandicus (the latter in the Interglacial 
deposits). 

Of the Antelopes there were several species. The chamois at 
that time dwelt not only on the hills but also' in the low country. 
Antilope saiga, which was then widely distributed, now lives in 
the Central Asiatic steppes. Remains of the sheep and goat are 
comparatively rare in the diluvium. Of the latter the Steinbock, 
Capra ibex, is specially interesting, because it is now found only 
on the hills, like the chamois, but at that time lived in the low 
country also. Allied to the sheep was the' Musk-ox, Ovtbos mos- 
chatus, which now occurs only in the far north of N. America. 

Of the oxen. Bos primigenius (LXXIII. 2), the last de- 
scendants of which are now preserved in England at Chillingham 
Park, etc., and Bos (Bison) priscusj the Auroch, which still lives 
in the forests of Lithuania, are specially interesting ; while the 
buflfalo also. Bos {BtUndus) Pallasi, was found in North Europe, 
but somewhat less commonly. 

Among the Oamivora Fdis spelcea was closely allied to, or 
probably identical with, the African lion of the present day, and 
Machcerodus leoninus was a form very like the sabre-toothed tiger 
of the Tertiary. The Cave hysena, Hycma spelcea, probably iden- 
tical with the S. African H, crocuta, was very widely spread in 
Italy, France and England. Among the dogs, the wolf (Canis lupus) 
was not uncommon in the Drift. One of the most important and 
widely-spread of the Drift forms, especially in the German caves, 
was the Cave bear, Ursus spelceus (LXXI. 3), the largest species 
of the genus that ever lived. It differs from the present species 
in its sloping forehead and in the absence of premolars in the 
adult. Among the smaller Camivora, the marten, badger, weasel 
and ermine require notice, and, of the northern forms, the glutton 
{Ovlo borealis), which at that time spread as far south as 
Dalmatia. 

The Rodents were very richly represented, and among them we 
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observe numerous Steppe forms, along with many northern species. 
Of the latter, we must notice the Arctic hare (Lepus gladalis) ; 
of the dwellers in the steppes, the Lemming (Myodes obensis), the 
Souslik (Spermophilus), Alactaga^ the Pika {Lagomy8\ etc. The 
beaver also, which since historical times has gradually become 
extinct in Europe, was then widely distributed. 

In N. America, as already noticed, one most important Drift 
form, the Mammoth, was present only in the westernmost parts near 
Behring^s Straits, while another elephant (Elephas americanus) 
lived in the S. of the United States. One of the most important 
forms of the N. American Drift, the so-called American Mammoth, 
belongs not to the genns Elephas but to Mastodon^ a genus which 
in Europe does not pass up beyond the Tertiary. This is the huge 
M, giganteus or ohioticus (LXXII. 1). Like the Mastodon, the 
genus Hippotherium or Hipparion also survived till the Drift 
period in America, but not in Europe, and during that period it 
was contemporaneous with the horse. Yet afterwards the latter 
became quite extinct in America, and was again introduced from 
Europe. A further peculiarity of the N. American Drift was the 
presence of large Edentates {Megatheriutn in S. Carolina, Megal- 
onyx, etc.), which immigrated from S. America. . 

In 8. America the large Edentates which are met with in the 
Tertiary, in part survived until the period of the Drift as an- 
cestors of the sloths, armadilloes and ant-bears which form so 
peculiar a feature of the present fauna. Other characteristic S. 
American mammals, such as the llama, tapir and sea-hog were 
already present in the Drift period. In S. America the Mastodon 
lived on into the Diluvial epoch. 

In Australia the Drift contains many marsupials, the order so 
characteristic of that region at the present time. Many of the 
forms greatly exceed the living in size ; for example, Thylacoleo, as 
large as a lion ; the genus Diprotodon, etc. The remarkable 
Australian Monotremes also had much larger ancestors in the 
Drift, e.g. Echidna Ramsayi ; and the same was the case with 
the birds. Thus the ancestors of the present wingless Ratitae 
(Emu [Dromceus] and Kiwi [Apteryx]) were gigantic forms, such 
as the New Zealand Moa {Dinornis). 

Hence we recognise everywhere a more or less intimate connection 
between the Drift fauna and that of to-day, or, in other words, 
the present geographical distribution of animals was, in the main, 
established in the Drift period. 
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2. ALLUVIUM, 

The Alluvium is the latest division of the Quaternary System, 
and includes the whole of the geological deposits since the forma- 
tion of which no marked change in climate, or in the general 
distribution of the seas and rivers, or in the character of the 
fauna and flora of the globe, has taken place. 

Here belong the pebbles, gravels, sand>s and loams in the depths 
of the valleys, the deltas, the large masses of peat, and travertine 
deposits, the various shore, dune, and marsh formations, the 
collections of guano, coral reefs, etc. Palseontologically, the flora 
and fauna of the alluvial deposits present no noticeable difference 
from the fauna and flora of the same areas at the present day. 
However, in the older alluvial epoch there lived with us a number 
of animals which have since been exterminated or driven away, 
such as elks, aurochs, beavers, peat-hogs, etc. The alluvial fauna 
is distinguished from that of the Drift chiefly by the absence of a 
number of animals which, like the Mammoth, Rhinoceros antt- 
quitatiSj the Cave bear, Cave lion, and Cave hysena are now quite 
extinct, or, like the reindeer, the musk-ox, steinbock, marmot, etc., 
have retreated to the far north or to the higher parts of our 
mountains. 

The remains of man's activity from the Older alluvium show a 
great advance on the similar remains of the Drift. The imple- 
ments, though made of stone like those of the Drift, are of finer 
workmanship, and this period is known as the Neolithic or Later 
Stone Age. 

The Neolithic Age of prehistoric man was followed by the Metal 
Age, in which men had learned the use of metals. Accordingly, 
in the deposits of this age, we find not only weapons and tools of 
stone, bone, and wood, but also similar implements of metal. The 
Metal Age can generally be divided into an older. Bronze, and a 
newer. Iron, Age. 
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Corbola alata 259 

,'; mflexa '. '. '. 259,' 2W, 288 
„ BoBthorui . . 210, 227 

„ Btrlatula 295 

Corbula bank 210 

Cordaioxylon 180 

Cordaites 146 

Cornbraflh ........ 251 

ComiferouB limestone. . . . JIO 

Corona beds 52 

CoTonatus bedB 251 

Coronati {Ammonites) . . . 273 
CoBcinopora infundibuliformis *808 

Coaina beds 816 

Coamocerfts 273 

Crag 863 

CrangopeJB 163 

Crania 821 

„ iRnabergenBiB . . '308,811 
Cr««sateTla ponderoea. , . . 885 

Craticolaria 271 

Credceria 810 

triacuminata . -808,809 

Cretaceous System 279 

Crioopora Btraminea .... 258 
Crinoid beds (Middle Devonian) db 

Crioceraa 296 

„ australe 819 

„ Emerici289, 291, 292, 

•297,296 

Crocodiles 281 

„ Jarassic 275 

CromnB Braumontl 72 

Crotalocrinns 87 

„ rugosua ... 65 

„ pule her . . . "84 

Craziana 85, 87, 48 

CryphBns 9a 101, 123 

„ calliteles 110 

„ laciniatos . . 94, '115 

CtenacauthuB 168 

Ctenocrinaa decadactylua . . 94 



Ctenoerinua typua ... 98, *ii4 

Ctenodns 168 

Caboidea beds 97 

GaoullEBa Hardingii .... 98 

,, trapezium .... 106 

CuODllella soleuoides .... 'llS 

Cuiae, aand of 8S5 

Culm. 126, 184 

Culm mesBDtcs 131 

Cupressoorinua % 

crasauB . . . -118 

Cusal beds 170 

Cuvieripl&ner 3M 

OfBthocriniiB 87 

„ longijnanus . . '84 

„ pTTiformiB. . . 65 

Cyatbophyllom cEespitoaum . *118 
„ oeratites ... 84 

„ helianthoidea . 94 

„ hexagoniim . *118 

CycUs 286, 2S7 

Cyclognathus, v. OlenuB. 

Cjololitee 288 

„ undnlata . . . 816, 'SI? 

CyclolobuB Stachei '190 

Cylindrophyma Z71 

Cynodon 952 

~ ' lis 85 

ma 812 

812 

la, T. Entomis. 

la slates 97, 105 

272 

„ Brunzniarti .... ^9 
„ ialandica 862, 368, 882, 890 

„ Morriaii 836 

„ rotundata. . . 842,848 

,^ tumida *864 

Cypnna clay 882 

Cypria 287 

It (Cypridea) valdensis . 286 
Cyrena . . K9, 286, 287, 816, 389 

„ Bronni *2ffi 

„ cuneiformis 886 

„ cretaoea 811 

„ flominalia 382 

„ aemiatriata . . 846, 847, 348 

„ subarata 347 

Cyrena marl 347 

Cyrtina heteruclita. . . 94, *116 

Cyrtooeras 57, 71, 86 

„ Murcbisoni .... *81 

Cyrtograptus 71 

„ CaiTutbersi . . 69 

„ Grayae . . 67, 68, 69 
„ Lapworthi. . . 69 

„ Uorchiaoni. 64, 

67, 69, 71 
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Oyrtpffraptas shales ... 67, 69 
Oystidean limesfcoiie .... 55 
Oystipliylliiin vesiculosum . 94, *118 
Oytherea eryoinoides .... 855 
incrassata *948, 847, 848 
semisulcata .... *388 
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D. 



Dachstein limestone . . . 227, 228 

Daotylodus 145,147 

Dakota group 818 

Dailly series 67 

Bala sandstone 86 

Dalila 108 

Dalmanites 51,59,75,98,104, 

110,111 ; 

caudatus. ... 65 i 
Downingiae, v. 

Acaste. . 
Hausmanni, y. 

OdoDtochile. 
Phillipsi. ... 61 
mgosa, Y. Odonto- 
chile. 
„ socialis ... 59, *76 

Damada beds 184 

Banian 812,814 

Baonella 228,280 

„ franconica ... 224 
„ Lommeli . . . 222, 224 

Bapedius 242 

Baraelites 181 

Bavidsonia 122 

Bechenella 128 

Beister sandstone 287 

Belthyris limestone .... Ill 

Bendrerpeton 168 

Bendrograptus 51 

Bentalium elephantinnm . . 855 

Kickxii 842 

sexangulare . . . *864 
„ torqnatum . . . 202 
Bentioulati (Ammonites) . . 278 

Besmoceras 822 

Bevillo-Reyinien 41 

Bevonian System 89 

Biagenesis, hypothesis of . . 25 

Bicellocephalus . . 84, 44, 48, 55, 62 

„ minnesotensis . *46 

Bicellograptus 59 

„ anceps ... 58 

„ complanatus . 56 

Biceras 272 

„ arietinum . . . 262, 265 

,, Luoi 268 

Bichograptus 52, 55 

Bicranograptus 51, 62 

„ clingani * 58, 56 

,, ramosns . . 52 



.* 1 



Biotyograptus 40, 41 

„ flabelliformis 

(=socialis) . 84, 86, 88, *47 
Biotyograptus shales . . 84, 86, 88 
Bictyonema, v. Biotyograptus 
Bictyopteris sab-Brongniarti . 148 

Biorocerus 871 

Bicynodon 281 

„ feliceps *212 

Bidelphys 851 

Bidymites teotus 229 

Bidymograptus . 51, 52, 55, 59, 68 
„ exteusQS ... 58 

„ Murchisoni 51, 56, '79 

Biestien 855 

Biluvimn 874 

Bimetian 22 

Bimorphograptus confertus . 66 

Binarites 280 

Binichthys 124 

Binoceras 889 

„ mirabile 852 

Binornis 898 

Binosaurs 284 

,, Cretaceous .... 828 

,j Jurassic 275 

Binotherium .... 854, 862, 865 
„ giganteum 868, *866 

Bioonites 280,271 

Biphya limestone 268 

Biplograptus . . . . 48, 51, 55, 59 
acuminatus 66, 68, 69 
cometa ... 68, 69 
foliaceus 
palmeas 
pristis . 
putillus . 

quadrimucronatns 56 
vesiculosus . . 68 

Biplopora 225 

„ annulata .... *222 

Bipnoi, Bevonian 124 

Biprotodon 898 

Bipterus 107 

Biscina latissima 261 

Biscoidea cylindrica .... *801 

„ subuculus .... 818 

Boberg, marine sand of . . . 840 

BOmtenbeds 244 

Bogger 249,250 

Bolgelljr beds 34 

Bomanik slates 109 

Bownton sandstone .... 65 

Bowntonian 64 

Breissena Brardi . . . 856, •358 
„ conglobata .... 859 
„ polymorpha . . . 882 

Brift 874 

Briftless area, Upper Missis- 
sippi 892 
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Dromatherium .... 217, 284 

Dromia mgosa 812 

Dromiopsis 822 

Dualina 71,72 

DOmess limestone 54 

Dumten lignites 379 

Duvalia 283 

Dwyka conglomerate .... 188 

Dyas 164 

Dysodil 845 



E. 



£eca beds 184 

Echidna Bamsayi 898 

Echinobrissus 272 

„ clunicularis . . *256 

Echinoconus, v. Galerites. 

Echinocorys 820 

(Ananchytee) ovata*806 
vulgaris .... 809 

Echinolanipas 350 

„ Kleini . . •842, 844 

Echinosphaerites aurantium 56, *78 
Echinosphaerites limestone . 56, 57 

Edestus 145, 147 

Eifelian 99 

Eimbeckh&Qser Plattenkalk . 259 

Elasmotherium 898 

Elbingerode grauwacke . . . 100 

Elephas 865, 866 

americanus . . 892, 898 
antiquus, 862,868,877, 

879, 882, 8^, 898 

„ melitensis 898 

meridionalis, 862, 868, 

869,885,893 
primigenias, 877, 882, i 

S5, 890, 892, 893, *894 

El Homo, slates of 61 

EUigser Brinks Clay .... 289 

EUipsocephaltLs 89, 41 

Emarginula 282 

Emscher mergel 804 

Encrinurus 64, 85 

„ panctatus, 66, 70, 78, '80 

„ variolaris .... 65 

Encrinns 281 

cassianus .... 226 

gracilis 224 

„ liliiformis ♦205, 206, 224 

Endoceras 57, 86 

commune .... 55 

duplex .... 55, 61 

lon^ssimum . . . *77 

„ vaginatum ... 55 

Enteletes 147, 182 

„ Lamarcki. . . .145, 146 
Entomis (Cypridina) 8?rrato- 

striata, 97, 106, *119 



Eocene 382 

Eophyton 48 

Eophyton sandstone .... 85 

EojBoic rocks 15 

Eozoon 15 

Epiaster 320 

„ brevis 304 

Eppelsheim sand 368 

Equisetum arena ceum, 179, 210, 

♦212, 227 

„ oolumnare .... 217 

„ Mougeoti .... 20O 

Equus .... 865, ♦SeS, 870, 885 

„ fossilis 898> 

„ Stenonis 862.868 

Erbray, limestone of ... . 104 

Erratic blocks 878 

Erratic deposits 876 

Eryon 274 

B^ino limestone 225 

Estheria 191 

„ minuta 179, 199, 209, 

♦212. 216 

„ beds 209 

Estonus bed 69 

Estuarine series (Oolitic) . . 252 
Etoblattina manebachensis. . *158 
Etroeungt, limestone of . . . 9B 

Eugeniacrinus 272 

Euomphalus qualteriatus, v. 
Pleurotomaria. 
„ pentangulatus . . *152 

„ Whitnej'i . . . 145 

Euphoberia armigera .... *1.5& 

Eurycare latum 86 

„ camuri«ome. ... 86 

Eiirypterus . . 64, 66, 70, 106, 107 

"„ Fischeri .... *8l 

„ remipes ... 78 

Exogyra 2^2 

„ columba, •802, 810, 81 1, 

818,315 

„ oonica 31^ 

„ Couloni 289, •290,291, 

296, 29B 
„ baliotoidea .... 810 

„ laciniata 809 

„ sinuata 295 

„ virgula, 259, 261, 262, 

♦265, 269 

F. 

Facitis 5 

Falciferi (Ammonites) . . . 278 

Faluns 855 

Famenne, slates of 98- 

Famennien 99 

Farin^don beds 295- 

Favosites 95 

„ gotlandica . . 65, 78, *8a 



1NDKX. 



411 



mam 

Faxe limestone 312 

Fells attica 872 

„ spelaea 897 

Felltop division 130 

Fenestella 186 

„ retiformis . . 175, *189 

Ffestiniog groap 34 

Ficus 319,849 

Fimbria, v. Corbis. 

Fimbriati (Ammonites) . . . 278 

Fintona beds 107 

Flabellaria 849 

Flammenmergel 298 

Fleckenmergel 267 

Flexuosi (Ammonites) . . . 278 

Flinz 96 

Fl5tzffebii-ge 7 

FlOtzleerer sandstein .... 185 

Flysch 889 

Flysch sandstone (Oligocene) . 848 
Fontainebleaa sandstone . . 846 

FordiUa 48 

Forest beds of Dromer ' . . . 885 

Forest marble 252 

Frasne, limestone of ... . 97 

Frasnien 99 

Fucoid beds (Scotland) ... 84 
Fucoid sandstone (Scandinavia) 85 
Fucoides cauda galli .... Ill 

Fuller's earth 252 

Fusus 882,886 

,^ antiquus *864 

„ bulbiformis . . . *883, 885 

,. elongatus 842 

„ festivos 855 

„ Konincki 842 

„ longaevus *888 

„ longiroetris 857 

„ muTtisulcatus .... 842 

„ Noae 385 

,, subcarinatus .... *888 

„ tricinctus 855 

Fusulina 127,146,147 

„ carinthiaca .... 144 
„ oylindrica 142, 144, 146, *159 

„ robosta 144 

Fusulina limestone .... 144, 145 
Fusulinella sphaeroidea . . . 148 

G. 

Gailthal slates 148 

Galerites 820 

„ albogalerus . . 300, *d08 

„ vulgaris 812 

Gampsonyx fimbria tus . . . *188 

Gangamopteris 184 

Ganister series 182 

Garda liuiestone 267 

Gargasmarl 298,298 



PAOS 

Gault 298,295 

„ quader 295 

Gedinnien 92, 99 

Genessee slates 110 

G^rgia group 48 

Geoteuthis 274 

„ boUensis .... '247 

(Jephyroceras 97 

German Trias. . . . 167, 195, 196 

Gervillia 209 

„ anceps 295 

„ bipartita 227 

- ceratopbaga . 175, 179, 

181, -189 

„ costata 224 

„ inflata 228 

„ Murchisoni . 199, '201 
„ praecursor . . ... 210 
„ socialis 200, *204, 206, 224 

Giganteus clay 250 

Girvan area 53, 67 

Givet, limestone of 99 

Givetien 99 

Glacial deposits 879 

„ flora 379 

Glarus, fish shales of ... . 348^ 

Glaucoma 316,821 

„ Kefersteini .... •317 

Glauconite limestone . . . ' . 57 
Glauoonite sand, L. Oligocene . 842 

Glengariff grits 107 

Glenkiln shales 58 

Globigerina 812 

Gloesograptus Hincksii ... 56 
Glossopteris ....... 18& 

„ Browniana . . . *184 

Glyphioceras 168 

Glypticus hieroglyphicus . . 262 

Glyptodon 865, 37a 

Gneiss 14 

Gomphoceras 71 

„ bohemicum . . *81 

Goniatites 98, 106, 186 

„ ammon 108- 

„ Bronni 97 

„ compressus. ... 96 

„ crenistria . . 143, *151 
„ cyclolobus .... •152 

„ Dannenbergi ... 9& 

„ diadema 185 

„ expansus .... 110 
„ ^pracilis .... 96, 100 

„ mtumescens 96, 97, 100, 

104, 108, -119 

„ Jugleri 96 

„ lateseptatus . .96, '121 
„ Listen . . . 130, 132 

„ lunulicosta . . . *119 

„ mixolobus . 181, 184, 13^ 
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Goniatites multilobatus . 97 

„ oocultns . . .96, •121 

„ Patenoni .... 110 
„ rotatorius .... *152 
„ simplex . . 9a 97, •119 

„ sphaericus 131, 184, 189, 

142, '151 
jj subnautilinus. . . 96 

€k)niomya 272 

J, Duboifli •255 

Gouiopholis ....... 822 

Goniophyllmn pyramidale . . *84 

Gosaubeds 816 

Goslar slates 100 

Gosseletia 104 

Gotland limestone 68 

Grammysiacingulata. ... 69 
„ hamiltonensis .92, *115 

Granatocrinus 162 

Graptolite shales .... 55, 69 

Great Oolite 251 

Greensand, Lower 295 

„ Upper 818 

Greifenstein limestone . . . 102 

Grenz dolomite 209 

Grte k anthracite 148 

Grte anthracifSre 142 

Gr^bigarr§ 196 

Grestenbeds 267 

Grey molasse 860 

Griffelschiefer 60 

GrOdner sandstone 180 

Grundgebirge 6 

Gryphaea 272 

„ arcuata . . . 248, ^245 

„ bilobata 260 

„ dilatata . . 259. 260, 262 
„ vesicularis •807, 809, 811, 

812 

„ vesiculosa .... 818 

Gryphaea limestone .... 248 

Gshelien, 4tage 145 

Guano deposits 899 

Gulo borealis 897 

Guttenstein limestone . . . 220 
Gymnograptus Linnarssoni . 56 

Gypskeuper 209 

Gyracanthus 168 

Gyroceras 182 

„ nodosum .... '117 

Gyrodus 274 

Gyroporella 206,225 

H. 

Hainichen Chemnitz beds . . 140 
Haliserites Dechenianus . . . 124 
Halitherium Schinzi .... 847 

Halobia 225,280 

„ rugosa 227 



TAQW 

Halstatt limestone 225 

Halysites catenularia 52, 64, 65, 71, 

78, •88 

Hamilton beds 110 

Hamites 298,296 

„ rotundus *294 

Hammatoceras Sowerbyi, v. 
Ammonites. 

Hampstead beds 846 

Hamuli nasuboylindrica. . . ^297 
Haplooeras (v. Ammonites) 

287, 262, 270, 288, 322 

Harlech grits 88 

Harpa mutica •884 

Harpes 71, 85, 102 

„ ungula *80 

Harpoceras (v. Ammonites) 287, 

244,278 

Hartfell shales 58 

Hastings beds 286 

Hauptkieselschiefer (Devonian) 100 
Haupt^uartzite (Devonian) . 100 

Hauterive stage 291 

Hawksbury beds 184 

Headon beds 886, 847 

Hedera 819 

Heersien 886 

Helderberg group . . . 110, 111 

Heliolites interstincta . . 64, 65, 78 

„ porosa. ... 94, •llS 

Helix 816,847 

„ hispida 886, *896 

„ moguntina 856 

Helladotherium .... 865, 871 

Hemiaspis 85 

Hemiaster Griepenkerli . . . 804 

Hemicidaris 272 

„ crenularis . ^ . *268 

Hemipneustes 811 

Hercoceras subtuberculatum 96, *121 

Hercynella 106 

Hercynian 101 

„ gneiss 22 

Hersumer beds 259 

Hesperomis 825 

„ regalis *828 

Heteroceras 809 

„ polyplocum . ♦807, 809 

„ Keussianum . . 804 

Heterophylli (Ammonites) . . 278 

Hexaprotodon 869 

Hierffes, grauwacke of . . . 99 

Hieriatz limestone 267 

Hils 289 

Hilton shales 178 

Hinnites 281 

Hipparian, v. Hippotherium. 

Hippopotamus 885 

„ major 862,868, 

869,892,898 
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Hippotherium (= Hipparion) 

862. 866, •868, •870, 892, 898 
Hippotheriam gracile 868, ^^868, 869 
Hippurite limestone .... 816 

Hippurites 821 

„ comu vaccinum 816, *817 

,, organiaans .... 816 

Hochneim, limestone of . . . 847 

Holaster 820 

„ planus .... 800, 814 
„ subglobosos . 804 914, 815 

Holectypus 272 

„ orificatus. . . . *264 

Holopella conica 67 

H gregaria 67 

Holoptychius 107,110 

„ nobilissimns . . *120 

Homalonotus .... 75, 105, 110 
„ armatus . . . 105 

„ crassicauda .98, *114 

„ Dekayi .... 110 

,, leeyicauda ... 94 

„ omatus .... 98 

Hotnomya (Myacites) musoul- 

oides . . ' 282 

Hoplites (▼. Ammonites) . 296, 821 

Horner beds 861 

Hudson Biver gronp .... 62 

Hangarites 280 

Hunsrfick slates 98 

Huronian 22 

Hyaenarotos 872 

Hyaena spelaeus . . 877, 889, 897 

Hyaenictis 872 

Hyaenodon 852 

Hyalotragos 271 

Hybodus 209,216 

Hydrobia acuta 856 

„ inflata 856 

Hylaeosaurus 286 

Hymenocaris yermicauda . 84, *47 

Hyolithellus 48,49 

Hyolithes 88,89,48 

,. parens 47 

HyopotamuB 852 

Hyperodapedon 216,284 

Hypnum Wilsoni 879 

Hypsiprymnopsis 284 

Hythe beds . 295 

I. 

Iberg limestone 97 

Ichtnyoorinus 87 

Ichthyomis 825 

„ victor *824 

Ichthyosauros 242,261 

„ atayns .... 288 

„ communis . . . *276 

Ictitherium 872 



PAOB 

Iguanodon 286,287,828 

„ bernissartensis . . *285 

Illaenus 52,59,62,75 

„ Barriensis 78 

„ Bowmanni 51 

„ chiron 55 

„ crassicaitia .... 55 
„ oblongatus ... 55, ♦76 

„ giganteus 61 

Impreesa marls 258 

Indian Triassic province . . 228 
Indo-pacific Cretaceous pro- 
vince 818 

Indo-uralian Permian . . . 180 

Inferior Oolite 252 

Infracretaceous beds .... 282 
Infralias (=Bhaetic) .... 

Infulaster 820 

Inoceramus 288 

„ Brongniarti 800, 

♦808, 804, 810, 812, 815 
„ Cripei . . . ♦805,809 

„ Cuvieri . •808, 804, 816 

„ digitatus . . 804, *80& 

„ labiatus 800, *802, 

804, 810, 814, 815 

„ latns 810 

„ lingua 809 

„ lobatus . . . 809, 812 

„ mytiloides . .800,314 

„ polyplocus ... 251 
„ striatus .... 810 
„ sulcatus .... *294 

Insects, Carboniferous . . . 168 

„ Jurassic 274 

„ Permian (Bothliegende) 191 

„ Silurian 75 

Interglacial deposits . . .880,881 
„ fauna .... 879, 882 

„ flora 879 

„ period. . . .879,882 

Intumescens series 97 

Isastraea 260 

„ helianthoides . . . *265 

Isocardia 272 

,. cor 855 

Itfor beds 57 

J. 

Janassa 192 

Janira, v. Vola. 

Jewe beds 57 

Jinetzbeds 89 

JOrden beds 69 

Juglans 849 

Jura, Alpine 262 

„ Black 242 

„ Brown ^9 

„ Central European . . . 289 
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Jura, Lower ..*.... 242 

„ Middle 249 

„ Russian 269 

„ Upper 258 

„ White 258 

Jurassic System 285 

Jurensis marls 242 

Juvavian Triassic province . 224 

K. 

Kainozoic ^froup 326 

Karharbft.ri beds 184 

Karoo sandstone 217 

Kellaways rock 260 

Keraterpeton 163 

Keuper 207,216 

Kiltorcan beds 107 

Kimeridge clay ...» .260,261 

,, limestone .... 259 

Ximeridgian 262 

Xingena lima 295 

Kirkby Moor flags 67 

Klaus beds 267 

Knorria 107 

„ imbricata . . . 133, •ISl 

Knottenerz 200 

Knox group 42 

Kochia capuliformis .... 98 

X(5ping greensand 818 

Kosseubeds 228 

Kohlenkeuper 209 

Xohlenrothliegende .... 167 
Koninckina Leonhardi . ^228, 226 

Konieprus, limestone of . . . 101 

Krebsscheerenkalk . . . . 259 

Kressenberg haematite . . . 337 

Kreuznach beds 170 

Krosstenslera 380 

Kucker beds 57 

Kupfersandstein 179 

Kupferschiefer 174 

Kutorgina 83,48,49 

L. 

Labiatuspl&ner 810 

Labiatusquader 310 

Laekenien 336 

Lagomys pusillos 388 

Lamna 350 

„ cuspidata *350 

Landenien 386 

KAnse au loup group .... 43 

Laramie beds 339 

Latdorf, clay of 340 

Laterite a98 

Latimaeandra 271 

Laurentian gneiss 22 

Launis 849 



Lebach beds 167, 170 

Lebach ore 170 

Leda arctica 882 

„ Deshayesiana . . 842, 348, 347 

,, perovalis 342 

Leabury shales 65 

Lederschiefer 60 

Lehesten slates 138 

Lehrberg beds 210 

Leithakalk 361 

Lena beds 148 

Lenne slates 95 

Leperditia . . . . 33, 36, 43, 78, 85 

„ Hisingeri .... '80 

Lepidodendron . . 75, 106, 128, 161 

„ dichotomum . *]57 

„ elegans . . . '157 

„ glincanum . . 146 

„ tetragonum . . 139 

„ Yeltheimianum 

134, 139, 140, 

144, 145, '151 

Lepidopides beds 348 

Lepidostrobus 161 

Lepidotus ' 287 

„ notoptems .... '274 

Leptaena 62, 182 

„ sericea ....... 51 

„ transversalis . . 65, *82 
Leptaena limestone .... 69 

Leptolepis 274 

„ sprattiformis . . . '274 
Leptoplastus omatus .... 86 

Leptoria Konincki '317 

Lepus glacialis 388, 898 

Lettenkohl group 20(* 

Leuciscus 350 

Levantine deposits 365 

Lewisian gneiss 22 

Lias 242 

Liasien 242 

Liburnian series 316 

Lichas 52,58,60,71,85 

„ anglicus 65 

„ Haueri 102 

Ligerien 315 

Lignite deposits, Miocene . . 356 

„ Oligocene 845 

Lima 182 

„ gigantea .... 243, '245 

„ heteromorpba 258 

„ lineata 208 

„ praecursor 216 

„ proboscidea 250 

„ striata ♦204,206 

Limnaea 286 

„ longiscata .... 835 

,, strigosa 346 

Limopsis aurita 855 

Lingula .... 41, 49, 51, 60, 61 
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LiDgula Davisii 84, *47 

„ squamifoiinis . . . 103 
„ tenuissima . 19iV200, 203 

Lingula flags 88 

Lingulella 48, 49, 57 

Davisii .... 84, *47 
ferruginea = prim- 

aeya 38 

Linthia 849 

„ Heberti •888 

Lithoglyphus naticoides . . . 882 
Lithographic slate or limestone 

of Solenhofen 258, 259 

Lithostrotion 162 

„ basaltiforme . . ^154 

Litorinella acuta . . . 856, *858 

„ inflata 856 

Litorinella beds 856 

Lituites 86 

„ antiquissimus ... 55 

„ lituus 55,*77 

Llanberis slates 83 

Llandeilien 60 

Llandeilo flags 51 

Llandovery beds 64 

Llanvim beds 51 

Lobites delphinocephalus . . *228 

Lobocarcinus 850 

Lodeve, slates of 177 

Loess 886 

London Tertiary basin . . . 885 

London clay 886 

Longmynd beds ...... 82 

Lonsdaleia 186 

Lophiodon 347, 848, 852 

Lower Helderberg group . . Ill 
L^xolophodon mirabilis . . . 852 

Loxonema 182 

Lucina 182 

lineata 261 

niinuscula 261 

" plana 250 

Ludlow beds 65 

Lunz sandstone 227 

Lyckholm beds 57 

Lynton slates 106 

Lyra 821 

Lytoceras (v. Ammonites) 287, 

262, 270, 278, 288, 296, 298 
Lyttonia 182 
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Machaerodus . . . 855, 865, 877 
leoninus . . . 897 
meganthereon . 372 
pliocenicas . . 862 

Macigno 839 

Maclurea 62 

„ Logani 53,77 
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Macrauchenia 865 

Macrocephalus beds . . . 251, 257 
Macrocephali (Ammonites) . . 278 
Macrocephalitea (v. Ammonites) 273 
Macrochilus arculatum 95, 103, *117 

Macropneustes 850 

Macroscaphites 296 

„ Ivanii 292, ^297, 298 

Macrostachya 161 

Mactra podolica .... *858, 861 

„ solida 883 

Maentwrog group 84 

Maestricht l^s 311 

Magnesian limestone .... 177 

Magnolia 346,349 

Main Bunter Sandstone . . . 199 
Mainz (Tertiary) basin . . . 847 

Malm 258 

Mammoth=Elephas primigenius 
Manticoceras, v. G^phyroceras. 
Marbre griotle . . . . 142, 148 

Marcellus beds 110 

Maretia 349 

„ HofPmanni .... 342 

Marginifera 147, 182 

. uralica .... 145 

Marlslate 177 

Marnes irises 196 

Marsupites 320 

„ ornatus . *305, 309, 314 

Mastodon 360,865,866 

„ americanue, v. giganteus. 
„ angustidens 854, 868, ^867 
„ arvernensis 362, 368, 869 
„ giganteusaao, 892, *395, 398 
„ longirostris 862,868,868 
„ ohioticus, V. gigantaus. 
„ turicensis . . •867,868 

Mastodonsaurus 209 

„ giganteus . . •211 

Matagne, slates of 99 

May Hill beds 64 

May, sandstone of 61 

Medina sandstone 73 

Mediten'unean Jurassic pro- 
vince 287 

Mediterranean Triassic pro- 
vince 224 

Mediterranean series .... 861 

Medlicottia .... 181, 182, 188 

„ Oi'bignyana. . . 179 

,, primas *190 

„ Ti-autscholdi . . *190 

MeduUosa 186 

Medasse 87 

Meekella, v. Streptorhynchus 

eximius 147 

Meekoceras 230 

Megaceros hibernicus, v. Cervus 
megaceros. 
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MRgalaspis 75 

„ limbata 55 

„ planilimbata . . 55, 58 

Megalodon complanatum . . 227 
„ cuoullatum 95, 106, *116 

„ Gdmbeli .... 227 

„ scutatum . . *228, 228 

„ triqneter .... 227 

Megalonyx 898 

MegalosauruB 286 

Meganteris Archiaci .... *122 

Megaphyllites .... 224,225 

,, jarbas .... 226 

Megatherium .... 865, 878, 898 

Megerlea 272 

„ pectunculus .... *268 

Melanerpeton 192 

Melania. . . . 816,889,846,847 
„ Eacheri . . . '857,860 

„ horrida 856 

„ inquinata 886 

„ strombiformis . *286, 287 
Melania limestone of Brunn- 

stadt 847 

Melanopsis 889 

„ Martiniana . *8o9,861 

Meletta 850 

Melettabeds 848 

Melocrinus 95 

Melonites 162 

Mendola dolomite 220 

Menevian series 88 

Merista passer 102 

„ plebeja 94 

„ securis 102 

Meristella 64 

„ angustifrons ... 67 

„ crassa . - . . . 66 

„ tumida .... 6.5, *88 

Mesozoic ^ronp 198 

Meudon, limestone of . . . . 814 

„ marl of 885 

Michelinia 162,186 

„ favosa *154 

Mickwitzia 88 

„ monilifera ... 85 

Micraster 820 

„ breviporus . . . 800, 815 
„ cor anguinum . . . 814 
„ cor testudinarium, 800, 

*806, 814 

„ glyphus 809 

„ LoBkei 812 

Microdiscus 48 

„ scanicus .... 86 

Microdon 274 

Microlestes antiqnus . . . 218, 284 
„ rheeticus .... 216 

Midford sands 244. 252 

MiUola 849 
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Millstone grit 181 

Mimoceras. v. Goniatites. 

Minimus clay 298 

Miocene 85$ 

Mitra 821 

„ fusiformis *864 

„ labratula "884 

Modiola lithodomus .... 259 

„ minuta 210,228 

n modiolata 250 

Monat area 58, 67 

Molasse . .848,860 

Monograptus . . . . . . 64, 72 

„ acus 67 

„ argenteus ... 65 

,, JDeOKl • . . . . f X 

„ Glingani ... 6& 

„ colonus . . 71, 72, '79 

„ oonvulutus. . . 6S 

„ crispus .... 66 

„ cyphus .... 69 

„ exifi^uus. ... 67 

„ fimbriatus. . . 66 

„ gregarius . 66, 68, 69 

Hafii 71 

„ leptotheca ... 69 

„ Nilsaoni. . . . •79 

„ priodon 67, eS, 72, *79 

„ Kiccartonensis . 69 

„ runcinatus . . 69 

„ Sedgwickii . .67, 6B 

„ spinigerus . . 66, 68 

,, turriculatus 66, 71, *79 

„ vomerinus. . . 67 

Monophyllites 282 

Monopleura 821 

„ trilobata. . ^297, 29& 

Monotis 280 

„ Alberti 20ft 

„ echinata, ▼. Pseudomonotis* 

„ salinaria 22& 

Monte Bolca, fish beds of, . . 887 

Monticulipora 87 

„ petropolitana . *7& 

Montien 885,886 

Montigny, grauwacke of . . 98- 

Montlivaltia 271 

,, caryophyllata . *256 

Mont Luberon, bone earth of . 862 
Montmartre, gypsum of . . . 846 
Montmorency, millstone of . . 846 

Monzig beds 170 

Moraine 884 

Mortti slatf s 106 

Moeasaurus . 811 

Moscovien, 6tage 145- 

Mountain limestone .... 126 
Mucronata chalk .... 804, 809 

Mttnder marl 287 

Murchisonia bilineata . .95,'*117 
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Marchisonia Blami .... *228 

Murex 821 

„ tricarinatus *88d 

Muschelkalk, Alpine .... 220 

„ German. . . . 202 

Muschelsandstein . . . 202, 208 

Myaoites znactroides .... 200 

Myalina 106 

Myalls beds 885 

Mylodon 865 

,1 Tobustus *878 

Myooonoha Thilaui 200 

Myodes obensia .... 888^ 898 

„ torquatns 888 

Myopboria 182 

„ cardiseoides . . . 208 
„ costata 200, *201, 

209,220 

„ elegans 208 

„ Goldiussi . . 200, *211 
„ Kefersteini 210, 

♦228, 226, 227 
„ orbicularis . . . 208 
„ pes anseris . . . *204 

„ poBtera 216 

„ transversa . . . 209 
„ vulgaris 200, 208, 

♦204, 206, 224 
„ WhatleysB ... 226 

Myophoria beds 220 

Mystriosauras 275 

Mytiloidesplaner 800 

Mytilus Faujasi 847 

„ Hausmanni .... 175 

K 

KageMuh, Diluvial .... 879 
„ Oligocene, Miocene. 848 

Naosaurus 192 

Naples beds 110 

Nassa reticulata 888 

Natica crassatina . . . 847, 848 
„ (Turbo) gregaria . . . 202 
„ millepunctata .... *864 

„ patula *888 

Naticella costata . . . 220, *221 

Naticopsis 182 

Nautilus. ..... 110,144,225 

„ aratus 248 

„ bidorsatus. . . *204, 20^ 

„ bilobatus *151 

„ danicus .... 812, 814 
„ ju^tonodoeus. . . . 207 

„ leiotropis 804 

„ neubergicus .... 804 
Nehden Gk>niatite slates ... 97 

Neithea 821 

Neocomian 288 

Neogene 8&d 
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Neolimulus 85 

Neolithic period 899 

Neozoic 826 

Nereites beds 108 

Nerinea. . . . 252,283,816,818 

cingenda 258 

tul^rculosa .... *268 

visurgis 259 

Nerinea beds (Jurassic) . . . 259 
Nerita conoidea .... 885, 887 

Neuropteris 160 

„ flexuoea *i55 

„ remota *212 

Newcastle beds 184 

Newlands series 67 

New Bed Sandstone .... 166 

Niagara limestone 78 

NDssonia 280 

Niobe 55,60 

„ lata o6 

Nodoeusbeds ....... 206 

Noeggerathia 181 

„ tenuistriata . . 146 

Noe^gerathiopsis 184 

Nonan series 224 

Northampton sands .... 252 

Norwich crag 868 

Nothosaurus 209 

„ mirabilis .... *205 

Nubian sandstone 818 

Nucula 59 

Chasteli 842 

Goldfussi 203 

Hammeri 250 

„ lineata 226 

Numismalis marl 248 

Nummulite limestone .... 887 
Nummulites complanatus . . 887 
distans .... *8^ 
exponeus. . . . *888 
laevigatus 835, 886, 

•838 
Lucasanus 
perforatus 
planulatus 
scaber . . 
,, variolaris 

Nyrschan gas coal . . 
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♦888 
887 
885 
885 
886 
140 
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Obolella 88,48,49 

Obolus 89, 49, 56, 57 

„ Apollinis 88, *47 

Ockerkalk 71 

Odontochile . ! 101,103,110,111 
Hausmanni . . . 101 

rugosa ^^120 

Odontopteris 160,178 

obtusa *155 

E E 
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Oesel group 70 

Ogygia 59, 60, 61, 75 

„ Buohi 51 

„ glabrata 61 

., scntatrix 51 

Olcostephanus (y. Ammonites) 296 

Oldhamia 34,40,48 

Oldhamina 182 

Old Bed Sandstone 106 

Olenellus d2, 84, 43, 48 

„ Kjerulfi . . .85,37, *46 

„ Mickwitzi .... 37 

Olenellus beds . . . .32,36,43 

Olenoides 48 

Olenus 34, 48, 51, 60 

„ (Protopeltura) acanthu- 

nis 36 

„ cataractes 34 

„ (Acerooare) ecomis . . 36 

„ gibbosus 84 

„ (Cyclognathus) micix»- 

pygns 86 

„ micrurus 34 

„ (Peltura) scarabaeoides 34, 86 
,, (Parabollna) spinulo- 

sns 34,86 

„ truncatus. . 84, 85, 86, *46 

Olenus beds 82, 36, 42 

Oligocene 339 

Olivaclavula *857 

Ompbalia 321 

Ompbyma subturbinatum . . *84 

Onchus 70 

Oneida conglomerate ... * 78 

Onondaga limestone .... 110 

„ salt group .... 73 

Oolite group 238 

„ limestone of Jaumont . 250 

OfMtlinus clays 250 

Oppelia (v. Ammonites) . 287, 270 
Opponitz limestone . , . . , 227 

Orbicularis platten 208 

Orbitoides 849 

Orbitolina 820 

„ ooncava 816 

,, lenticularis . . 298 

Arbitolina beds 816 

„ limestone .... 298 
Ordovician System ..... 50 
Oriskany sandstone . . .78, 111 

Omatus clays 249 

Ornati (Ammonites) .... 278 

Orodus , . . 163 

Orthis. 33, 89, 43, 49, 58, 59, 60, 182 

„ Actoniae 51, 61 

„ arcuata 106 

„ biforata (v. Platystro- 

phialynx) .... 51 
„ calligramma 51, 56, 61, 72, *78 
„ circularis 93 
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Orthis elegantnla . 52, 65, 78, *82 

eximia *159 

hysterita=vulvaria . 92, *114 

Lamarck! *159 

lenticularis . . . 84, 86, *47 

Michelini *153 

Pecosii 146 

resupinata 144 

striatula 94, *116 

testudinaria .... 61, 62 

▼espertilio *78 

Lisina . . . .43,51,56,58,62 
„ adsoendens .... ^^78 
Orthoceras 51, 61, 62, 72, 86, 108, 182 
annulatum . . 65, *81 
bohemicum ... 71 

dubium 225 

giganteum . . 148, 144 
lateseptatum . . 
scalare .... 
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•222 
134 



. 131, 134 
*81 
96,' 101, 104 
. . 55,72 
. . . 96 



striolatum . 
timidum . 
triangulare 
Orthoceras limestone . 
„ slates . . 

Osborne beds 847 

Ostrau beds 140 

Ostrea 272 

acuminata 252 

aquila 296 

bellovacina 335 

callifera .... 347,848 

carinata 810 

cochlear ...... 861 

crassissima 855, *858, 860, 861 
deltoidea .... 260,261 

diluviana .... 300, 810 

distorta 286 

eduliformis 250 

edulis 882 

flabellata 837 

glabra 839 
ippopodium .... 810 

knorri 250,251 

longirostris . . . 355, *858 
macroptera . . 289, 291, 292 

Marshi 250, ♦254 

multiformis 259 

rastellaris 259 

Sowerbyi 252 

yentilabrum 342 

Ostrea limestone 250 

Otodus . 350 

„ obliquus •SSO 

Ottweiler beds 188 

Oudenodon 234 

„ Baini •212 

Ovibos moschatus . . 882, 388, 897 

Oxfordian 259,262 

Oxford clay 260 
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Pachydiscus d22 

„ peramplus . . . *808 

Pachylcpis 70 

PalAechmus 162 

,) elegans *154 

PalsBoblattina 75 

PalsBocorystes 295 

PalsBocyclus porpita .... *84 

PalsBoffene 882 

PalflBoEatteria 172 

Palsaolithic period 878 

PaloBomeryx 871 

PalsBoniscus 177,216 

„ Freieslebeni . 174, *189 

Palseorhynchus 850 

Palsdotherinm . 846, 848, *d68, 869 
„ magnum . . . *851 

Palffiozoic Group 27 

Paleocene 886 

Paludina . . . 286,287,889,846 
„ diluviana . . , 882, *896 

„ fluviorum ^285 

Pampas formation 865 

Panchet beds 284 

Panis^lien 886 

Panopeea Menardi 860 

,, norvegica .... 862, 868 
Para Dolina (v. Olenus) 

Paradoxides 41, 48 

„ aurora .... 88 

„ bohemicus . . 89, *46 

„ Davidis ... ^ 86 

„ Forchhammeri. 85, 86 

„ Harknessi ... 88 

„ Harlani ... 48, 48 

„ Hicksii .... 83 
„ Kjerulfi (v. Ole- 

nellus). 
„ oelandicus ... 85 

„ regina 48 

„ solvensis .... 88 

„ spinulosus ... 89 

„ Tessini ... 85, 86 

Paradoxides beds . . 82,86,89,42 

Parasaurus 192 

Paris (Tertiary) Basin ... 882 
Parkinsonia (v. Ammonites) . 278 

Parkinsoni beds 251 

Partnach beds 225 

Pebidian 22 

Pecopteris 160,286 

„ arborescens . . . 140 

„ dentata ^155 

„ elegans 140 

„ Pluckeneti .... 148 

„ Serli 140 

Pecten ......... 199 

„ (Vola) aduncus. . •858,861 



Pecten asper, 800, *802, 804, 818, 815 
belliooetatus .... 842 

crassitesta 289 

discites . 208, *204, 206, 224 

Hawni 181,183 

islandicus 890 

janus 842 

laevigatus . . . .208,224 

MOnsteri 842 

muricatus 809 

personatus 250 

(Vola) quadricostatus, 

809, 810, 812 
„ quinqueoostatus, 

296, *805, 809 

„ solarium . 855, 861 

subdecussatus .... 842 

vagans 252 

valoniensis 216 

Pectunculus dux 812 

„ obovatos. 842,848,847 
„ PhUippii. ... 842 
„ pilosus . . . 855, 860 

Pelosaurus 192 

Peltoceras 237 

Peltura (v. Olenus). 

Pemphix Sueurii 288 

Penaeus 274 

Pennant grit 131 

Pentaorinos 272 

basaltiformis . . 242 

briareus .... 242 

opalinus .... 250 

„ tuberculatus 243, *245 

Pentacrinns beds 248 

Pentamerus baschkiricus . . 109 
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.. 69,888 
... 69 
65, 94, *116 
. . 66, '83 
. 64,67,68 
. 64,67.73 
. . 69, 73 
. . . *154 



borealis . 
estonus . 
galeatus . 
Knighti . 
lens . . 
oblongus . 
Pentamerus beds . . 
Pentremites florealis . 

Perioyclus 163 

Perisphinotes (y. Ammonites) 

273,296 

Permian System 164 

Perna Sandbergeri 847 

„ Soldani 844,847 

Petroleum sand 847 

Phacope ^,101 

Brongniarti .... 51 

bufo 110 

oephalotes . . 102, *r21 
oryptophthalmus .97, '119 
fecundus . 96, 101, 102, 104 
Ferdinandi .... 98 

glaber 66 
itifrons .... 98, 106 






4'20 



INDEX. 



Phacops mucTonatus . 

„ Schlotheimi . 

Phillipsastraea . . . 

,^ Hennahi 

Phillipsia 
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Phoenix 



gemmuUfera 
Grtinewaldti 
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. 56 

95, 'll? 

. 97 

. nw 

131, 184 
. 'Ibl 
. 145 
. 346 
. 272 
. -254 
. 309 
250, '254 
. 71 
. '82 
. 65 
. 40 
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Pholadomya .... 
deltoidea 
Esmarki. 
Murchisoni 
Phragmoceras . . . 

Broderipi 
yentriooeum 

Phycodes 

Phyllocera8(v. Aimnonit«»8)237, 

262, 270, 278, 283, 296, 298 

Phyllograptus .... 52, 55, 68 

„ typus . . 53, 56, '79 

Phyllograptus shales .... 55 

Phyllopora 175 

Phyllotheca 184 

Physa 339 

„ gigantea .... *833, 835 

Piacentine stage 363 

Pickwell Down beds .... 106 

Pilton beds 106 

Pinacites 102 

Pinacoceras 224,232 

Metternichi, '222, 

225,229 

„ parma 229 

Pinna decnssata 310 

„ quadrangularis . . . 309 

Pinns succinifera 346 

Placentia group 48 

Placenticerasnisum (v. Ammonites) 

Plaoodus •284 

„ gigas '205 

Plaooparia . . . . . . 51, 59, 75 

Toumeminei. . . 61 

Zippei 59 

Plagiaulax 286 

Plftner 299 

Planicosta beds i 248 

Planorbis . . . 286,839,346,356 
„ multiformis . . . 360 

Planschwitz Tuff 103 

Plannlati (Ammonites) . . . 273 

Plastic clay 835 

Platanus 319,349 

Plattendolomit© 176 

Platyceras 43 

„ herc^icum . . . ^121 

Platycrinus trigintidactylus . *154 

Platyschisma helicoides ... 68 

„ uchtensis . . . 109 

Platysomus 177 

gibbosuB . . 174, '189 
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Pi 61 

Platystrophia lynx (=Orthis 

biforata), 51, 56, 62, '78 

Pleistocene 874 

PlesioBaurus . . . . 234, 242, 261 
„ dolichodeirus . . *276 

Pleuracanthus (v. Xenacanthus) 

Pleurodictyum 118 

„ problematicum, 

92, 101, 105, •114 

Pleuromya 272 

Pleurophorus 191 

Pleurotoma .... 882, 836, 340 
„ asperulata . •357,361 

„ belgica .... *348 

„ Beyrichi .... 342 

„ Bosqueti .... 842 

„ Duchasteli . . . 342 

„ regularis .... 342 

„ scabra ..... 842 

„ SeljTsi . . . .842,348 

„ subdenticulata . 842 

„ turbida .... 342 

Pleurotomaria 182 

„ bitorquata . . ^246 

„ delphinuloides,95,*117 

„ qoalteriata . 55, *77 

Plicatola placuna . . . 296, 298 

PUocene 862 

Plocoecyphia sequalis .... 814 

Podozamites 271 

P6n sandstone 98 

Poikilitic 166 

Polycoelia 186 

Polygonum viviparum . . . 379 

Polypora 186 

„ biarmica 182 

Pontian series 861 

Popanooeras .... 181, 182, 188 
„ multistriatum . . . *190 

Populus 819 

Porambonites . . . . 51, 56, 58, 72 
„ eequirostris . . '77 

Portage group 110 

Portland group . . . 259,260,261 

Portlandien 262 

Posidonia (v. Posidonomya). 
Posidonia (Posidonomya) shales, 

of the Culm, 184 
„ of the Lias .... 242 

Posidonomya 272 

„ alpina .... 267 

„ Becheri, 126, 180, 

181, 134, 135, 139, ♦ISl 
„ Bronni 242, 244, *247 

„ Clarai (v. Ayicula), 

,, venusta (v. Ayicula). 

Poteriocrinus 95, 148 

Potomac formation 319 

Potsdam beds 42 

Potsdam sandstone 43 
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Precambiian IB 

Preglacial deposits S81 

Preglacial fauna and Hora . . 882 

Prestwiohia 168 

Primary Group 27 

Primordial fauna (Barrande) . 29 

Procamelus 869 

Procervnlus 871 

Productus 184, 144, 181 

Cancrini. . 179,180,188 
carbonarius . . . 185 
oora, 188, 144, 145, 146, 182 
giganteus, 128, 188, 
142, 148, 144, 145, 146. *158 
horridus . 175, 179; ♦igO 
" .180 

. 182 
. *158 
. 146 
. 146 
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Koninckianus 
lineatus . . 
longispinus 
mesolobus . 
mexicanus . 
semireticulatus, 142, 

144, 145, 146 

striatus 146 

subaculeatus, 96, 106, 110 
timanicus .... 144 
tuberculatus . . . 145 

undatus 188 

Produotus limestone .... 182 

Prootus 85,101 

concinnus 70 

eremita 102 

orbitatus . . . ' . . 102 

Stokesi 65 

Prolecanites . . . *119, 128, 163 

Pronorites ♦152,168 

Propalsaotherium 847 

Proeopon 274 

Prospect Mountain group . 48 

Protapirus . 869 

Protaster 87 

Protauchenia 869 

Proterosaurus ...... 192 

„ Speneri . . . 174 

Protocardium hillanum . *801, 810 
rhaeticum, 210, 

216,228 

Protocaris 48 

Protolabis 869 

I^tolycosa anthracophila . . *158 
Protopeltura (v. Olenus). 

Protos]30Dgia 88 

Protoviverra 851, 852 

Protriton petrolei ^188 

Przibram grauwacke .... 89 

„ schists 89 

Psammobia effusa *884 

Psammocarcinus 850 

Psammodus 168 

Pseudomonotis echinata . 251, *256 

ochotica . . . 280 
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Pseudomonotis Bichmondiana. 280 
„ salinaria . *222, 280 

„ speluncaria (v 

Avicula) 
„ subcircularis . 280 

PsiloDotus limestone .... 248 

Psilophyton 125 

Pteranodon 822 

Pteraspis 66 

Pteriohthys 106 

„ oornuta .... ^120 

„ major .... 107 

Pberinea costata 92 

„ lineata *115 

„ retroflexa 70 

Pteroceras 272 

„ Oceani . . . 262,*265 

Pteroceras beds 262 

Pterodactylus 261 

„ spectabilis 277 

Pterophyllum ... 186,280 

„ Jaegeri 210, •212,227 

Pterygotus 66, 70, 107 

„ anglicus .... 106 

Ptyohites 188,224 

„ dux 203 

,. Studeri '221 

Ptycnodus latisslmus .... *803 

Ptychoparia 48 

Pnnfieldbeds 291 

Pupa 168 

„ muscorum .... 886, '896 

Purbeck beds 286 

Pygurus rostratus 296 

Pyrgulifera 812,889 

I^la rusticula . . . .857,861 

Q. 

Quader sandstone 298,800,810,811 
Quadrata chalk .... 804,809 
Quaternary System .... 878 

Quebec group 63 

Quercy, phosphorite of . . 851, 858 
Quercus 846,849 

R. 

Badiolites 292 ,810, 816 

Badowenz beds 140 

Baiblbeds 226 

BaiktlUbed 69 

Bamphorhynchus phyllurus . *277 

Banella marginata. . . *857, 861 

Bangifer grOnlandicus . 882, 897 

,, tarandus. . 877,888,897 

Banina 850 

Bapakivi granite 884 

Bastrites ....... 64, 71 

„ Linnaei *79 

„ maximus ... 66, 67, 68 
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Bastntesperegrmus .... 71 

Bastrites shales 69 

Bauchwacke 175 

Beading beds 386 

Bebeiria 59 

Becklingshausen, sandmarl of. 809 

Becoaro limestone 220 

Bed crag 868 

Beef limestones and dolomites 

225,226,229 

Beifling limestone 220 

Beingraben beds 227 

Bemopleurides 59, 75 

Bensselaeria Ill 

crassicosta ... 98 
ovoides .... Ill 
strigiceps . . 98, '114 

Beptiles, oldest 192 

Bequienia 292,296 

„ ammonia . . *297, 298 
n gryphaeoides . . . 298 

Betiolites 71 

„ Geinitzianus . . 71, ^79 

Bhabdophyllia 281 

Bhaetic series . . . 210, 216, 228 

Bhinoceros 865,885,892 

antiquitatis 877, 882, 

898,896 
incisivus . . 869, '870 
leptorhintis 862, 869, 898 
megarhinus . . . 862 
Merckii 879, 890, '898 
minntus .... 869 
Schleiwmacheri 862, 

869 '870 
tichorhinns 877, 898, 896 
Bhizoborallinm dolomite . . 200 
Bhizooorallinm jenense . 200, 208 
Bhodocrinus crenatus . 95, * 117 

Bhynchonella 67, 182 

acuminata . . 96 
bohemica . . . 810 
borealis . . 65, *88 
comjpressa . . *802 
concmna . . . 252 
cuboides 96, 97 

100, 106, 110, '120 
cuneata . . 78, *83 
Cuvieri . . . 815 
decurtata . 206, '221 
Henrici . . . '121 
inoonstans . . 261 
Me}rendorfi . . 109 
navicula ... 67 
nucula ... 70 
Orbignyana . . 95 
parallelepipeda . 94 
P^ngel liana . . 105 
plicatilis . . 800, 810 
pugnns ... 96 
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Bhynchonella varians 250, 252, *256 

„ venustula. . . 110 

„ Wilsoni .. 65,82 

Biccarton beds 74 

Bichthofenia 182 

Bigi, Nagelfluh of the ... 848 

BivadeOj slates of 41 

Bosan, limestone of ... . 61 

Both 199 

Bothidolomite 227 

Bogenstein 198 

Bostellaria fissurella .... *884 

Bothliegende 167 

Botomagien 815 

Budistes . . . 288,296,815,818 

Bnllstensgras 880 

Bupelclay 841 

Bupelien 840,811 

Bussian or boreal Jurassic pro- 
vince 237 

S. 

Saarbrack beds 188 

Sagenaria stage ...... 140 

Salenia 818 

„ scatigera *806 

Salix 819,849 

„ polaris 879 

Salmien 41 

Salopian 64 

Salt of the Muschelkalk ... 205 
„ Zeohstein .... 176 

„ Miocene of Kalusz 

and Wieliczka. . 861 

Salzber^marl 809 

Sama, slates of 148 

Samland, lignites and amber . 845 

Sandgatebeds 295 

Santonien 815 

Sardinioides Monasteri . . . *808 

Sarmatian series 861 

Saurichthys 288 

Saxic4.va arctica 890 

Scaglia 316 

Scalaria groenlandica. . . . 868 

Scaldisien 868 

Scaphaspis 66 

Scaphites aequalis 814 

„ auritus 810 

„ binodosus .... 809 
„ Geinitzi 800, *803, 810, 815 

„ inflatus 809 

„ pulcherrimus . . . 809 

Scaphitespl&ner 800 

Scenella 87,48 

Schadowitz beds 140 

Schaktein of the Devonian 96, 98, 99 

Schatzlar beds 140 

Schamnkalk 208 
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Schilfsandstein 210 

Schizaster 350 

Schizodns 145 

„ obscunis . 175, 188, *190 
„ Wheeleri .... 146 

Schizolepis 181 

Schizopteris 180 

Schlern dolomite 225 

Schlier 861 

Schl{)nbachia (v. Ammonites) . 822 
Schlotheimia angulata . . . *245 

Schoharie ^rit 110 

Schratten limestone .... 298 

Schwagerina 145 

Sciurus 873 

Scolithes 61 

ScuteUa 855 

„ subrotundata. . . . *859 

Scyphia limestones 259 

Seewenbeds 816 

Semionotus 238 

„ Bergeri 210 

Semionotus sandstone .... 210 

Semiophoras 850 

Semnopithecus - 865 

Senonian 804, 809, 811, 812, 814, 815 
Septariaclay . . . 840,842,847 

Sequanien 262 

Sequoia Langsdorfi .... 349 

Serpula 107 

„ coacervata 287 

„ gordialis 261 

„ spiruleea *888 

Serpulite 287 

Serpulite grit 84 

Shasta group 818 

Siegen grauwacke 98 

SigUlaria 75,161 

„ altemans . . 140, *157 

„ Browni *157 

„ hexogona .... *157 

„ oculata 140 

Sigillaria stage 128 

Silurian System 64 

Simoceras 287,270 

Sin^murien 242 

Sivalikbeds 365 

Sivatherium 365,871 

Skellgill beds 66 

Skiddaw slates 52 

Sleddale group 52 

Soissons, plastic clay and lig- 
nite of 885 

Solemya . 180 

Solya group ' 38 

Sotembeds 170 

South Baltic End Moraine . . 384 

Spalacotherium 286 

Sparagmite ........ 86 

Spatangus Hofmanni .... 842 
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Spatangus limestone .... 296 

Spathsand 382 

Speetonclay 291 

Spermophilus 888,398 

Sphffirexochus mirus ... 65, 71 

Spheerophthalmus alatus . . 86 

„ flagellifer . 86 

Sphaerulites 315 

„ angeioides . . . *317 

„ Blumenbachi . . 298 

Sphenophyllum 75, 188 

.„ Schlotheimi . *156 

„ tenerrimum . 140 

Sphenopteris . . 106, 107, 160, 186 

distans .... 139 

Linki 140 

„ obtusiloba . . . *155 

Spiders, carboniferous . . . 163 

Spirifer 181 

aculeatus 94 

acuminatus .... 110 
Anossofi . . . 106,110 

Archiaci 108 

arenosus Ill 

auriculatus . 94, 100, 105 

cinctus 138 

cultrijugatus . . .95, 104 

curvatus 94 

cuspidatus 133 

dunensis . . . .93, *114 

elegans 94 

elevatus 65, 70 

exporrectus .... *83 

fasciger 145 

glaber 148 

gregarius 110 

hystericus = micropterus 

93,104 
intermedius ^ speciosus 

94, 1(6,.*116 

Kleini 145 

lineatus .... 144, 180 
mosquensis 145, 146, *159 
ostiolatus .... 94, *116 
paradoxus =macropterus 94 

pinguis *153 

plicatellus . 65, 70, 78, *83 
primaevus . . J^, 105, *115 

striatus 144, 145 

tornacensis .... 133 

trigonalis 144 

undulatus . . . 174, *189 
Vemeuili 96, 97, 98,104. 

108,110, TiO 
Spiriferina cristata . . . 176, 182 

fragilis 203 

hirsuta 203 

Mentzeli 206, *221, 224 
SaransB .... 145 
Walcotti . . 243, *245 
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Spirorbis 132 

Spirorbia limestone .... 182 

Spondylus Buchi 942 

fimbriatus .... 812 
spinofiUBSOO, *808,804, 
810, 815 
„ tenuispina .... *848 

Sporadoceras 97, 128 

Stacheoceras 181 

Stassfurt salt deposits . . . 176 
Stanria astraeiformis .... *Si 
Staurooepbalus clavifrons . . 56 
„ globioeps . . 51 

Staurocephalus limestone . . 52 

Ste^on 865 

Steinheim (Tertiary) basin . . 860 

Steinmergel 209 

Stenopora columnaris .... 186 

Stenotheca 48 

Stepbanoceras (v. Ammonites) 278 

Steppe fauna 888 

Sternberg Kuohen 840 

Stettin sand 341 

St. Gallen marine molasse . . 860 

Stigmaria 145, *158 

„ ficoides *158 

,, insBqualis .... 189 

Stinkschiefer 175 

Stiperstones 51 

St. John beds 42 

Stockdale shales 66 

Stomatopsis 816 

Stone age, older 878 

„ „ later 398 

St. Ouen, limestone of . . . 885, 886 
Stramberg limestone .... 268 

Streptorhynchus 106 

crenistria 105, 

144, *158 
(Meekella) 

eximius . 145 
gigas ... 10? 
pelargonatus 182 
umbraculum 

94, *116 
Stricklandinia (v. Pentamerus 
lens). 

Stringooephalns 102 

Burtini 95, 100, 
108, 106, 108, *116 
Stringocephalus limestone . . 95 

Stromatopora 65, 95 

Stromatopora limestone ... Ill 

Strophalosia 179 

excavata .... 182 
Goldfussi 175. 176, *189 
horrescens . . . 182 1 

Strophomena 62, 181 

„ euglypha ... 65 

„ expansa .... 72 
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Strophomena laticoeta 98, 105, *115 
„ rhomboida]is . . *82 

Stubensandstein 210 

Stylina . 260 

Stylodon 286 

Styloliths 206 

Subapennine formation . . . 368 
Sabcretaceous system . . . 282 
Subhercynian lignite .... 845 
Succinea oblonga . . . 886.'*' 896 
Snsantiqaus ....... 869 

„ erymanthus 869 

Symphysurus 55, 60 

Syringopora 162 

„ parallela .... 145 

T. 

Taconi'o 29 

Taeniodon Ewaldi 210 

^, prsecunior .... 210 

Taenioptens 230 

Talchir conglomerate .... 188 

Tanner grauwacke 100 

Tapes 361 

Tapirus 869 

Tarannon shales 64 

Tartarian group 179 

Taunus quartzite 93 

Taxocrinus 87 

Taxodium 354 

Tealbybeds 287,295 

Tegel, Baden 861 

Teleosaurus 242 

Telerpeton 234 

Tellina baltica 883 

„ planata *858 

„ solidula 882 

Tentaculite limestone . . . . 103 

„ slates 101 

Tentaculites 68,70,73 

„ aouarius . . 100, 102 

,. scalaris .... *115 

Terebellum sopitum .... *S34 

Terebratula 182 

„ angusta 203, 206, 

*221, 224 
,, .DecAoi .... oiivF 

„ camea .... 812 

„ coarctata . . . 252 

„ cycloides. . . . 206 

„ digona 250, 252, 

258 ''^56 
„ diphya . 287, *26o, 268 

„ diphyoides . 292,296 

„ Ecki 203 

„ elongata 174, 176, 

179, *189 
„ grandis . . 842, ♦844 

„ gregaria . . *22d, 228 
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Tertbratnla hastata . . . . '158 
„ hnmeralis . . . 259 

„ imi>n;S8a . . 258, *268 

,, janitor .... 268 

„ lagenalis, 249, 250, 

251, '256 

„ norica 228 

„ numismalis . 248, *246 

t, OD68a • . • .  o09 

„ omithocephala . ^2 

„ perovalis . . . 250 

„ sella 291 

„ aemiglobosa. . . 800 

„ submaxillata . . 258 

„ subsella .... 259 

„ sofBata .... 175 

„ vulgarie, 208, *204, 

206,224 
Terebratula limestone (Wellen- 

kalk), 208 
Terebratnlina gracilis . . 814, 816 

Tertiary System 827 

Tetragraptus 56 

„ bryonoides. . . 58 

Tetraprotodon 869 

Thalassocer&s 179 

Thamnastraea 271 

„ arachnoides. . 260 

„ concinna . . . 260 

„ rhaetica . . . 228 

Thanet sands 886 

Theca (v. Hyolithes). 

Thecidium 281,821 

„ digitatum .... *808 

Thecosmilia 262 

„ annularis. . . . 260 

„ trichotoma . . . *265 

Thracia Phillipei 289 

Thuringite zone 60 

Thyestes 70 

Thykcoleo 898 

Thysanopeltis 96, 102, 104^ ^121, 128 
Tiohogonia Brardi (v. Breissena). 

TiU 886 

Tineo, conglomerates of . . . 148 
Tirolites (y. Ceratites cassianus). 

Tithonian 268 

Toarcieu 242 

Tongrien 840 

Tonto group 42 

Tomoceras 108 

Torridon sandstone .... 84 

Toumai stage 183 

Tourtia 800 

Toxaster complanatus, 289, *290, 

291,292 
„ cordiformis .... 298 

Trachyceras 280,282 

„ aon . . . *228, 226 

„ aonoides .... 226 



Trachyceras archelaus 
„ Cnrionii 

„ Beitzi 

Tragooeros .... 
Transversarius horizon 
Tremadictyon . . 
Tremadoc beds . . 
Trematis corona . . 
Tremataspis . . . 
Trematosaurus . . 

„ Brauni 

Trenton limestone . 
Triassic System . . 
Trigonia .... 

aliformis . 

clavellata 

costata 

gibbosa . 

navis . . 

sulcataria 
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. 871 

. 259 

. 271 
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. 288 

. 199 
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. 194 
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. . 272 
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♦204,206 

206 

821 

56, 61, 75 

58,62 

56 

59, 61, '77 

59 



Trigonodus Sandbergeri 
Trigonodus beds . . . 
Trigonosemus . . . 

Trinucleus 

concentricus 
coecinorhinus 
Goldfussi 
omatus . 
seticornis 
Trinucleus shales . 
Tritonium flandricum 
Tritylodon. . . . 
Trocnites limestone 
Trochus Brocchii . 
„ patulns . . 

Tropites 

„ sub-bullatus 
Tuedian series . . 
Tully limestone . . 
Tun bridge Wells sands 
Turbo gregarius (^v. Natica gre- 
garia). 
„ solitarius 
Tumeri clays . 
Toronian . . . 800 
Turrilites .... 
catenatus 
costatus . 
,j polyplocus 
Turritella cathedralis 
hybrida 
imbricataria 
terebralis 
turris . . 
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55 

^848 

284 

206 

•864 

•859 

282 

226 

180 

110 

286 
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. . 227 
. . 248 
, 310, 814, 815 
298,814 
. . *294 
. . 800 
•807,809 
.360,861 
. . 886 
.885,886 
. . 860 
•357, 861 
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Uebergazigsgebirge 7 

Ullmannia 178 

„ Bronni . . . .174, 181 
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Ulmus 319,849 

Uncites gryphus . . . .95, •116 
Ungulite sandstone .... 87 

Unio 316,340,861 

„ flabellatus 860 

„ planus *285 

„ umbonatus 180 

„ Valdensia 286 

Uralian Permian 180 

Urgebirge 7 

Urgo-Aptien 292 

Urgonian 280 

Uraus 882 

,, spelaeus . 885, 389, *894, 897 
Utica group 62 

V. 

Vagina tus limestone .... 57 

Valenginien 291,296 

Valentian 64 

Vega, limestones and slates of the 41 

Venus Brocchii 355 

„ clathraU 361 

Vertebraria 184 

Verrucano 180 

Vesulien 253 

VesuUian 250 

Vichterbeds 186 

Vienna basin 860 

Vienna sandstone 816 

Vils limestone 267 

Vireuz, grauwacke of ... 99 

Virgatusbeds 269 

Virgloria limestone .... 220 

Vis^ stage 133 

Vlasta 108 

Vola 821 

„ atava 296 

„ quadricostata (v. Pecten). 
„ quinquecostata (v. Pecten). 

Volga beds. \ 269 

Voltzia 181,184 

„ heterophylla, 179, 200, 

•201, 217 

Voltzia sandstone 200 

Voluta 321 

„ decora 342 

„ Lamberti 855 

„ miocenica 355 

„ muricina •833 

Vosges sandstone ..... 199 

W. 

Waagenoceras 181 

Wadem shales 170 



FAGS 

Wadhurstclay 286 

Wilder Thon 287 

Walchia filiciformis .... 180 
„ piniformis, 143, 171, 

180, ^187 

Waldenburg beds . . . . . 140 

Waldheimia 272 

„ hnmeralis . . . 262 

Waterlime group 73 

Waalsort stage 183 

Wealdclay 286 

Wealden 284 

Weissliegende 174 

Wellendolomite 202 

Wemmelien 886 

Wengen beds 224 

Wenlock limestone 64 

Werfenbeds 220 

Wemsdorf beds 298 

Wesenberg beds 57 

Wettersteinkalk 225 

Whitby, alum shales of . . . 244 

White (coralline) Crag ... 363 

White lias 218 

Wieda slates 100 

Wildungen, limestone of . . . 102 

Wissenbach slates 96 

Wobum sands 295 

Woolwich and Beading beds . 336 

X. 

Xenacanthus Decheni .... 192 

Xenodiscns 182 

Xiphodon 846,352 

Y. 

Yoldia arctica . . .382,885,390 

Yoldia clays 382 

Yoredale series 130 

Ypresien 336 

Z. 

Zamites 280,271 

2jancleano 368 

Zanclodon 284 

Zaphrentis 162 

„ comicula .... *154 

Zechstein 172 

2jechstein conglomerate . . . 178 

Zechstein gypsum 175 

Zechstein limestone .... 174 

Zellendolomite 208 

Zlambachbeds 225 

Zonites 163 

Zorge slates 100 
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